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carbon dioxide emissions, potentially lessening the impacts of global climate change.  However, the 
public is generally ill informed about energy use and the energy-saving behaviors that can lead to these 
reductions in emissions. As such, it is necessary to begin educating future citizens about the energy 
system and energy use in an effort to foster more energy literate students. This thesis uses existing 
research about energy literacy and misconceptions among students to create a cohesive curriculum unit 
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the larger energy system. Following the curriculum, a discussion connects each of the activities within 
the curriculum to systems thinking literature, educational theory, and the energy literacy research. Next, 
an exploration of where the activities within this curriculum guide can fit into various high school courses 
is included. Finally, curriculum writers were contacted in order to illuminate the barriers to distributing 
high-quality curricular units to science educators, and opportunities for further dissemination of 
research-based curriculums are presented. 
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Thesis Literature Review 
Introduction 
 As global climate change continues to be one of today’s most difficult societal problems, 
researchers have examined the role of individual’s actions as an important puzzle piece for reducing 
anthropogenic carbon dioxide emissions (IPCC, 2014).  In response to Pacala & Socolow’s stabilization 
wedges, Dietz et al. devised a behavioral wedge that could reduce national carbon emissions in the 
United States by 7.4 percent through 17 different household actions (Dietz et al., 2009; Pacala & 
Socolow, 2004).  Gardner & Stern created the Short List of the most effective actions a household in the 
United States can take to reduce personal carbon dioxide emissions (2008).  Attari et al. examined public 
perceptions of household energy use and conservation (2010).  In each of these research endeavors, 
conclusions indicate that reductions in personal energy use can be effective in reducing a country’s 
overall carbon dioxide emissions; however, the public is generally ill informed about energy use, 
conservation, and efficiency that can lead to these reductions (Attari et al., 2010; Dietz et al., 2009; 
Gardener & Stern, 2008).   
In addition, surveys to measure energy-related awareness indicate a lack of knowledge about 
energy among the American Public (DeWaters & Powers, 2008; NOWCAST, 2005; NEETF, 2002; Gambro 
& Switzky, 1999; Farhar, 1996; Barrow & Morrisey, 1989).  Indeed, a 2001 survey conducted by the 
National Environmental Education & Training Foundation (NEETF) found that only 12 percent of 
Americans could pass a basic energy knowledge quiz (DeWaters & Powers, 2008; NEETF, 2002).  
Therefore, it is necessary to begin educating future citizens about energy, energy use, and energy 
conservation and efficiency in an effort to foster more energy literate students.  This thesis seeks to 
address existing research about energy literacy among students, and to explore common 
misconceptions that students and the larger public possess that may be preventing emission-reducing 
behaviors.  Then, using this research about energy curriculums for promoting literacy and addressing 
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energy misconceptions, a systems thinking curricular guide for high school students will be developed 
using the best quality resources from the internet.  Finally, a discussion will follow that links this 
curriculum to the research on systems thinking, energy literacy, and educational theory to help 
educators see why this curriculum, among the arsenal of resources that are readily available, is a more 
ideal tool for fostering energy literate students. 
 
Energy Learning Progressions 
Before defining and exploring energy literacy, it is worthwhile to examine different learning 
progressions of energy concepts to better gauge the level of knowledge that students come into school 
with, and the ultimate learning goal for energy curriculums.  Because energy is such a large and 
complicated topic, learning progressions have become a widely-used tool to measure student 
understanding of increasingly complex ideas that an energy literate student must understand.  Learning 
progressions are characterized by a lower anchor, intermediate levels, and an upper anchor.  The lower 
anchor characterizes what students know about the concept of energy upon entering school, and the 
upper anchor describes the knowledge, values, beliefs, and behaviors that we want students of energy 
to come away with.  These structured learning progressions are attractive representations of the 
ongoing process of learning that builds more difficult concepts on more foundational and simplistic 
concepts (Jin & Anderson, 2012).  
  One learning progression that has emerged measures the reasonable expectations of student 
understanding of energy at different grade levels.  Jin & Anderson investigated a learning progression 
focusing on the concept of energy specifically in regards to carbon-transforming processes.  The learning 
progression they establish contains 4 Levels.  Level 1 establishes simple cause-effect to explain how 
energy causes a change (i.e. something grows or moves).  Level 2 also characterizes energy in a cause-
effect relationship, but at this point students understand there are “hidden processes” and “physical 
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constraints” that allow energy to cause change.  In Level 3 students understand that the laws of 
conservation constrain energy processes, but cannot apply conservation laws, and in Level 4 students 
are able to use and apply these laws on conservation.  In their study, Jin & Anderson found that among 
middle school students, 52 percent achieved a Level 2 understanding, 18 percent achieved a Level 3 
understanding, and only 5 percent achieved a Level 4 understanding of energy.  In high school students, 
47 percent achieved a Level 2 understanding, 32 percent achieved a Level 3 understanding, and only 10 
percent achieved a Level 4 understanding (Jin & Anderson, 2012).  This study of learning progressions 
reveals that even high school students have a woefully underdeveloped understanding of energy 
concepts.  Because of these underwhelming results, the authors discuss the necessity of quality 
instruction in energy concepts (Jin & Anderson, 2012). 
Another learning progression was developed by the German National Education Standards 
whereby the lower anchor describes a student’s ability to understand that energy comes in different 
forms and from different sources and the upper anchor is characterized by a complete understanding of 
energy forms, sources, transfer and transformation, degradation, and conservation (Sekretariat der 
Standigen Konferenz der Kultusminister der Lander in der Bundesrepublik Deutschland [KMK], 2005).  
This learning progression also has 4 Levels, with 4 minor levels within each major learning progression 
Level.  In Level 1 students understand energy forms, in Level 2 students can identify that there is a 
relationship between these energy forms and physical processes (energy transfer), in Level 3 students 
grasp the concept of energy degradation, and in Level 4 students can understand energy conservation 
(Neumann et al., 2013).  Neumann et al. tested the validity of this learning progression in grades 6, 8 
and 10 and determined that while the general direction of the learning progression seems accurate, the 
Level distinctions are difficult lines to draw because students seem to learn many of these concepts in 
concert with each other.  For example, students learn the concept of energy degradation alongside with 
the concept of energy transfer and transformation, which in this learning progression falls into 2 
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different Levels.  Therefore, it may be worthwhile to further tease out the different levels into more 
specific learning goals (Neumann et al., 2013). 
 
Defining Energy Literacy 
  In 1988 Lawrenz first argued that effective energy education should develop well-
informed students with positive attitudes towards energy conservation (DeWaters & Powers, 2013; 
Lawrenz, 1988).  Then, in 1989, Barrow & Morrisey defined an “energy literate individual” as someone 
who is both aware of, and has knowledge of, reasons for energy conservation, the need for alternatives 
to fossil fuels, and the impact of the energy system on the environment (Barrow & Morrisey, 1989).  A 
more contemporary definition of energy literacy has been established by DeWaters et al. (2007).  These 
authors start with the concept of literacy in the context of cultural literacy, technological literacy, and 
environmental literacy, which suggests not only an understanding of content knowledge of a subject, 
but the ability to use this knowledge in a productive way (DeWaters et al., 2007).  Using definitions of 
scientific, technological, and environmental literacy as models, DeWaters et al. established the most 
common and accepted definition of energy literacy, which encompasses content knowledge, attitude 
and personal responsibility, and behavioral actions (2007).  Furthermore, the authors establish the goal 
of energy literacy is to create a student who understands how energy is used in everyday life, how 
energy production and consumption impacts environment and society, the need for energy 
conservation and alternatives to fossil fuels, the impact of personal decisions on global energy use, and 
chooses to make choices based on their knowledge of energy resource development and consumption 
(2007).  Dewaters et al.’s definition and understanding of energy literacy has been used throughout 
recent energy literacy literature, as explored later (Lee et al., 2015; Brewer et al., 2011).   
Finally, the United States Department of Energy have created a definition of energy literacy 
through their Energy Literacy Framework campaign which closely aligns with the literature’s definition of 
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literacy.  The Department of Energy defines energy literacy as understanding the nature and role of 
energy in nature and in our lives.  In addition, an energy literate person can apply this knowledge of 
energy to solve problems, think about energy in terms of whole systems, knows where their energy 
comes from and how much they use, can assess the reliability of information about energy and can 
make informed decisions, can communicate about energy, and strives to learn more about energy 
throughout their lives (US Department of Energy, 2017).   
In practice, energy literacy is much more complicated than establishing a definition and a set of 
goals for an energy literate student.  DeWaters et al. assert that a key metric that the educational 
community must answer is what kind and how much knowledge makes that student “energy literate.” 
(2007).  Furthermore, there is a well-documented disconnect between cognitive knowledge of energy 
and the environment, and actually performing responsible energy behaviors in everyday life (Dewaters 
& Powers 2013; Taber & Taylor, 2009; McCaffrey & Buhr, 2008; Chess & Johnson, 2007).  Smart energy 
behaviors can also be limited by socioeconomic and geographical constraints, which are variables that 
may not be accounted for in the classroom.  As such, it is important to be able to measure energy 
literacy in students (DeWaters & Powers 2013).  DeWaters & Powers thus established the Instrument 
Development Framework criteria for measuring energy literacy based on benchmarks within the 
cognitive (content knowledge), affective (attitude and personal responsibility), and behavioral (energy 
aware behaviors) attributes of energy literacy.  These criteria, that were also used to assess energy 
literacy in Taiwan, are summarized in the table below by Lee et al. (2015) (Table 1).    
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Table 1: Example characteristics and benchmarks of DeWaters & Powers Instrument Development 
Framework (2013).  Table from Lee et al. 2015.   
 
Case Studies in Energy Literacy  
Though DeWaters & Powers have provided a starting point for defining and measuring energy 
literacy in practice, there are a number of case studies in the literature that further establish what 
energy literacy entails.  In 1989, Barrow & Morrisey report on energy literacy of ninth grade students in 
Maine after funding from the United States government was used to establish energy education 
programming and teacher training.  The authors compared students who had successfully completed 
these energy literacy programs with counterparts in New Brunswick, Canada to measures the 
effectiveness of these government-funded programs.  Energy literacy was assessed using the Test of 
Energy Concepts and Values questionnaires developed by Holden & Barrows in 1984.  This test included 
39 questions related to attitude about energy and 35 questions testing knowledge of energy concepts.  
The authors found that the energy literacy of students who had completed the energy curriculum in 
Maine had statistically higher energy literacy.  The results also indicated that males had significantly 
higher energy literacy than females in both Maine and New Brunswick.  However, in both areas the 
energy literacy of the students was low, suggesting that even though the students that had gone 
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through the energy curriculum had higher literacy, the curriculum was insufficiently implemented to 
achieve satisfactorily literate students (Barrow & Morrisey, 1989). 
  In Greece, Zografakis et al. measured the efficacy of a special energy-themed project in 
increasing the energy knowledge of both students and their parents (2008).  This project-based learning 
initiative included educational materials about environmental administration, the relationship between 
energy and the environment, renewable energy, and energy conservation.  Materials included a toolkit 
for educators with materials to be used in class, as well as materials students could take home as 
reminders to save energy.  At the end of the educational experience, students completed a survey, and 
then brought a survey home for parents or guardians to complete.  The survey questions were first given 
at the beginning of the school year to create a baseline level of energy attitudes and then given again at 
the end of the school year to measure how the students’ attitudes have changed after completing this 
energy project.  The questions were all related to energy consumption and were asked both directly and 
indirectly.  For example, when asking whether certain energy-saving behaviors were done in the home, a 
direct question would be about turning off lights and an indirect question would be about opening 
windows for fresh air.  The results of the questionnaire showed that in 12 of the 13 energy saving 
behaviors, there was a statistically significant difference in students answers before and after the 
project.  Similarly, there was statistically significant differences in 7 out of the 10 behaviors on the 
parents’ questionnaire.  These results suggest that both parents and students performed more energy 
saving behaviors after the completion of the program.  The authors therefore argue that the energy 
literacy of the students increased, but that similar programs must be done each year to provide 
repetition to ensure that these energy saving behaviors continue for the long term (Zografakis et al., 
2008). 
 A campus-wide energy competition that was established at the University of Hawaii provides 
another case study of energy literacy acquisition (Brewer et al., 2011).  The energy competition, called 
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the Kukui Cup, is a computer-based “game” designed for freshmen students living in the university 
dorms.  The students interact with a software that provides different visualizations about energy use as 
well as workshops and excursions to teach them about their energy behaviors and how that impacts 
wide-scale energy production and consumption (Brewer et al., 2013).  The participating students answer 
a pre-survey during the first week of the competition to establish a baseline value of energy knowledge.  
At the end of the competition, students complete another survey to gauge whether their energy literacy 
had changed.  In addition to using the online software as a game in which students can learn about 
energy, the researchers also measure the amount of electricity each floor of the dorms used throughout 
the length of the competition so as to correlate gains in energy literacy with actual energy saving 
behaviors (Brewer et al., 2011).  The researchers provide both consistent feedback about energy usage, 
as well as an energy usage goal to work towards that is based on a dynamic baseline of energy used.  
Upon analysis of these competitions, the authors highlight three important factors to successfully 
increase energy literacy; first that feedback should be in the form of actionable suggestions, that the 
feedback should be something the student can and will do even after the competition ends (termed 
“sticky” feedback), and that feedback must be coupled with energy content knowledge to help students 
understand why certain actions will reduce energy consumption (Brewer et al., 2013).  A similar dorm 
energy competition at Oberlin College uncovered compatible results to the Kukui Cup in that students 
were able to reduce their energy and water usage in the dorms.  The researchers at Oberlin suggest that 
to increase energy literacy that will lead to actual energy-saving behaviors, students must receive 
feedback about their energy use and small incentives or goals to help motivate them to reduce energy 
usage (Peterson et al., 2007). 
 As noted earlier, DeWaters et al. have conducted significant research about energy literacy.  
DeWaters & Powers have developed a survey to measure energy literacy, which they have used to 
assess energy literacy among middle and high school students in New York state.  This survey uses a 
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Likert-type scale to assess energy literacy within three different subscales: cognitive, affective, and 
behavioral knowledge about energy.  The questionnaire varies slightly between middle and high school 
students to account for different levels of schooling.  The authors then recruited 38 high school and 41 
middle school teachers, most of whom taught science and/or technology classes, throughout New York 
state.  The students who took the survey were from a variety of ethnic backgrounds and were 
approximately equally split between males and females.  Socioeconomic status also varied widely 
between students.  It is important to note that over 90 percent of teachers that administered the survey 
reported that they had spent fewer than five classroom hours teaching about energy (DeWaters & 
Powers 2011).  This indicates that the students taking the survey were relying only on what they already 
knew about energy without being specifically taught energy lessons in preparation for this survey.   
Analysis of the survey results illustrate that in general the energy literacy of middle and high 
school-aged students in New York state was low.  Though high school students scored significantly 
better on cognitive knowledge questions than middle schoolers, the scores for high school students 
were still below average.  In particular, the concepts that students knew the least about include energy 
conservation, the relationship between power and energy, what energy resources exist, and home 
energy use.  Interestingly, high school students scored significantly worse than their middle school 
counterparts on the behavioral section.  Both groups of students scored better on the affective section 
relative to the other sections, with high schoolers scoring significantly higher than the middle school 
students.  These affective scores indicate that high school students have more positive attitudes and 
values about energy.  The authors conclude that since high school students scored better than middle 
school students in cognitive and affective categories, but lower in behavioral categories, between 
middle school and high school students learn more about energy and have more positive values towards 
the need for energy conservation, but that they engage in less energy saving behavior.  This disconnect 
highlights the need for stronger educational programs on practical energy issues and current energy 
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events.  The authors conclude by noting that students report that most of their energy knowledge does 
come from school, again underscoring the importance of high-quality energy curriculum in improving 
energy literacy (DeWaters & Powers, 2011).  
The energy literacy questionnaire developed by DeWaters & Powers and used in New York state 
as described above was slightly modified and used by Lee et al. to measure the effectiveness of an 
energy literacy program, Nurturing Talent for Energy Technology (NTET), established by the Taiwanese 
Ministry of Education as part of the Taiwan Bureau of Energy’s energy policy (2015).  The researchers 
administered the survey once to over 1200 9th grade students from across the country, and to over 
1100 12th grade students who had been a part of the NTET program for 2 years.  In both student groups, 
the proportion of male to female students was approximately equal, and most students reported that 
they learned about energy mostly from school programs.  Unlike the results found in New York state, 
energy literacy in Taiwan was higher in both groups of students.  Both 9th and 12th graders performed 
well on energy concept knowledge with a few exceptions, such as different types of alternative energy 
sources.  The students also scored similarly in the affective and behavioral domain, with higher scores in 
the affective, suggesting that the students understand the importance of energy, but do not necessarily 
participate in energy saving behaviors (Lee et al., 2015).  This disconnect between the behavioral 
domain and the cognitive and affective domains was also seen in DeWaters & Powers results in New 
York state (DeWaters & Powers, 2011).  Lee et al.’s work shows that in Taiwan, energy literacy seems to 
be at a higher level, perhaps because of the NTET curriculum that the 12th grade students had taken 
(2015).  However, energy literacy in 9th grade students was also high, which the authors attribute to 
energy being a highly publicized issue both in schools and in Taiwanese public consciousness.  Within 
the behavioral domain, students seemed to have less of a connection between energy and their own 
personal behaviors, indicating a need for more educational emphasis on the relationship between 
energy and a student’s life (Lee et al., 2015).  Similar to DeWaters & Powers conclusions, the results of 
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this study suggest that future energy programs and curriculum continue to emphasize energy 
knowledge as well as values, attitudes, beliefs, and judgements (Lee et al., 2015; DeWaters & Powers, 
2011).         
 The most evident and troubling theme that emerges from this cross section of energy literacy 
research is that in general, energy literacy among students in the United States is low.  However, it is 
encouraging to see that the existence of energy education curriculum in schools does seem to increase 
energy knowledge (Lee et al., 2015; Zografakis et al., 2008; Barrow & Morrisey, 1989) and that students 
self-report as having learned most of what they know about energy from school (Lee et al., 2015; 
DeWaters & Powers, 2011).  This theme suggests that a strong energy curriculum is essential to improve 
energy literacy.  Furthermore, as suggested in Lee et al. (2015), DeWaters & Powers (2011), and Brewer 
et al. (2013), though energy content knowledge is important, a successful curriculum must also include 
information about beliefs, values, and how energy is related to students’ lives.  There is a disconnect 
between the cognitive and behavioral domains, which means that the content knowledge must be 
coupled and in line with feedback and information about how to make long-lasting behavioral changes 
(Brewer et al., 2013; Dewaters & Powers 2013; McCaffrey & Buhr, 2008; Chess & Johnson, 2007).  
Finally, as cited in Zografakis et al. (2008) and echoed in Lee et al. (2015), it is important to provide 
energy lessons each year of school to both underscore its importance and to ensure long-term 
behavioral changes.  This concept of “sticky” behaviors that students can implement throughout their 
lives, even after leaving school, was also recommended by Brewer et al. (2013).  Given these emerging 
themes, it is clear that in addition to sound content knowledge about energy issues, it is essential for 
any energy curriculum to address the relationship between the student and to current energy issues at 
various scales.   
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Misconceptions about Energy 
 In addition to low energy literacy of American students, current research suggests that the 
American public holds a number of misconceptions about energy use, conservation, and efficiency; as 
well as alternative or “green” energy sources (Dorji et al., 2015; Attari et al., 2010; Dietz et al., 2009; 
Gardner & Stern, 2008).  These misconceptions are often strongly rooted and difficult to change (Taber 
& Taylor, 2009).  However, these misconceptions provide a starting point from which educators can 
connect classroom content to the students’ lives, and then correct these misconceptions.  The literature 
suggests that students hold misconceptions and lack content knowledge about energy in a variety of 
different categories, but two of the most commonly misunderstood categories are the difference 
between energy conservation versus energy efficiency and which behaviors save the most energy; and 
being able to define exactly where energy comes from and what “alternative” energy is (Celikler & 
Aksan, 2015; Bodzin, 2012; Zyadin et al., 2012; Attari et al., 2010; Gardner & Stern, 2008).  These two 
categories of energy misconceptions are explored in greater detail below.   
 
Energy Use, Conservation, and Efficiency 
 As mentioned to earlier, though a reduction in personal energy use could provide steep 
reductions in greenhouse gas emissions, many are still unaware of how much impact their own 
behaviors can have on global carbon dioxide emissions (Dorji et al., 2015; Dietz et al., 2009; Gardner & 
Stern, 2008).  A survey of over 500 participants revealed that people tend to underestimate how much 
energy is used and underestimate how much energy could be saved by doing certain behaviors.  
Furthermore, people tend to be unaware of the relative energy used by certain devices and actions, 
which could help people make more informed choices (Attari et al., 2010).  Research has also shown 
that the American public is far more familiar with, and tend to focus more heavily upon, energy 
conservation (physically using less energy), rather than energy efficiency (using less energy to complete 
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the same task).  However, energy efficiency actions generally lead to more energy saved and greater 
curtailment of carbon dioxide emissions (Attari et al., 2010; Gardner & Stern, 2008).  Therefore, it is 
essential to disentangle energy conservation and energy efficiency, and effectively communicate which 
behaviors lead to the greatest energy savings.  To do this, it is necessary to create curriculum that helps 
students learn about household energy consumption, conservation, and efficiency (Dorji et al., 2015).   
 One of the most important misconceptions students have about energy usage is simply which 
devices and actions in their lives use the most energy.  Taber & Taylor (2009) administered surveys and 
conducted a series of interviews to learn more about misconceptions primary school students had about 
climate change and energy use.  Overwhelmingly, students cited lighting as the largest user of 
electricity, simply because lights are so visible to students.  Even after curricular interventions, the 
students still thought lighting was a major electricity factor, as well as TV’s and refrigerators, rather than 
the actual main electricity consumers: heating and cooling systems.  The authors indicate that these 
heating and cooling systems are harder to “see” as energy users, and are thus often overlooked by the 
students surveyed (Taber & Taylor, 2009).  This misconception about how much energy is used for 
heating and cooling was also found in a study of urban eighth graders’ knowledge of energy in the US 
state of Pennsylvania.  In this study, less than 25 percent of students in the study correctly identified 
heating and cooling as the largest source of electricity consumption (Bodzin, 2012).        
 Misconceptions about energy efficiency versus energy conservation are also important to 
address because these concepts are often conflated by the general public (Attari et al., 2010; Gardner & 
Stern, 2008).  These misconceptions can then be passed on to students because much of their 
experience of household energy and conservation comes from their family background (Taber & Taylor, 
2009).  As Gardner & Stern (2008) point out, energy conservation and efficiency has become a popular 
topic to write and report about, citing articles from Time magazine and handbooks distributed by 
environmental groups.  However, the exact amount of energy saved is rarely addressed or measured in 
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these information pieces.  Therefore, it is difficult for people to know which actions to undertake to save 
the most energy (Gardner & Stern, 2008).  Furthermore, when asked to generate a list of energy saving 
behaviors, people most often list energy conservation behaviors rather than energy efficiency 
improvements.  Indeed, when asked about the “most effective thing” for saving energy, just under 12 
percent of survey respondents answered with an energy efficiency behavior (Attari et al., 2010).  The 
fact that conservation is more readily thought of than efficiency is troubling because, as mentioned 
above, Gardner & Stern report that energy efficiency actions are often more effective that energy 
conservation.  For example, the authors cite buying a fuel-efficient car, and energy efficiency activity, 
will reduce carbon dioxide emissions far more than carpooling to work, lowering highway driving 
speeds, and consolidating errands into fewer trips; all of which are energy conservation activities.  In 
addition, efficiency actions are often one-time or few-time actions such as buying a more efficient 
appliance or adding household insulation; whereas energy curtailment involves repeated actions over a 
long period of time, which may be hard to continue over time (Gardner & Stern, 2008).  These important 
concepts are important to teach in school energy curriculums because the relative magnitude of energy 
saving behaviors is rarely obvious.  Furthermore, as Taber & Taylor suggest, empowering students with 
real-time information about how to effectively save energy can help them make changes in their 
households (2009).  
One of the most difficult misconceptions about energy efficiency versus conservation is the cost 
of each different action.  Energy efficiency measures often require a high upfront cost, whereas 
conservation is often cost-free.  However, over the lifetime of an efficient appliance, device, or lightbulb, 
energy users often save money by using less electricity and therefore paying less on an electric bill.  For 
example, though efficient lightbulbs such as CFL’s or LED’s are more expensive than traditional 
incandescent bulbs, over the course of the lightbulb’s lifetime, the CFL or LED bulb will save people 
significant amounts of money in electricity purchased versus the conservation action of turning off a 
15 
 
light when leaving a room (Gardner & Stern 2008).  Indeed, popular conservation actions such as turning 
off a light saves relatively little energy at all (Attari et al., 2010; Gardner & Stern 2008).  This idea of cost 
over a lifetime, coupled with lifecycle analysis of the energy used to produce certain goods, are powerful 
misconceptions that offer an opportunity for teaching students about energy usage, as well as helping 
students improve their numeracy.  Though being numerically literate is valuable in its own right, Attari 
et al. found that more numerically literate people tend to be better able to assess the relative energy 
use of different behaviors and appliances (2010).  By helping students to correct these misconceptions 
of energy consumption and savings, the next generation of energy users may be better able to make 
smarter energy decisions.       
  
Traditional and Alternative Energy Sources 
 Misconceptions about energy sources, including fossil fuels and alternative energy generation 
are also apparent in the literature.  Bodzin reports that students in his study of eighth graders in 
Pennsylvania hold several misunderstandings about the advantages and environmental impacts of 
various electricity-generating sources.  For example, only 13 percent of students knew how petroleum 
was formed, and only 20 percent knew how coal was formed.  Furthermore, over 50 percent of students 
though nuclear power was nonrenewable because it created radioactive waste, which calls into question 
whether students truly understand the concept of renewable versus nonrenewable energy (2012).  In 
another study done in Turkey, 89 percent of students could correctly identify solar power and 86 
percent could correctly identify wind power as renewable energy sources, but only around half 
identified geothermal, biomass, wave power, and hydrogen as renewable.  Furthermore, 21 percent 
thought that nuclear power was renewable (Celikler & Aksan, 2015).  These misconceptions about what 
is renewable and what is nonrenewable illustrate that while students may have a broad understanding 
of more commercially available technologies, they lack more detailed understanding of less common 
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energy forms.  American students also hold misconceptions about the energy mix in the United States, 
with over 73 percent of students not knowing that most of the electricity in this country comes from 
burning coal, and almost 80 percent were unsure of what the most consumed energy source was 
(petroleum, mostly used in the transportation sector) (Bodzin, 2012). 
 Students also hold some misconceptions about alternative or “green” energy sources.  As seen 
above, students do seem to understand what wind and solar power are, but have less familiarity with 
other renewable energy sources such as geothermal and biofuels (Celikler & Aksan, 2015; Bodzin, 2012; 
Zyadin et al., 2012).  In a study of students’ knowledge of renewable energy in Jordan, the authors 
concluded that students misunderstand the fundamentals of these lesser-known renewable energy 
technologies because they have a less developed market than wind and solar and thus are under-
emphasized in renewable energy curricula.  Despite these misconceptions though, students were 
overwhelmingly in favor of renewable energy utilization (Zyadin et al., 2012).  Coupled with a better 
renewable energy curriculum, these positive attitudes towards renewable energy may present an 
opportunity for further renewable energy uptake in Jordan.  Similarly, in a renewable energy awareness 
study done it Turkey, it was evident that students held many misconceptions about the actual 
mechanisms by which renewable energy technologies such as solar panels, hydroelectric dams, and 
biogas create usable energy.  Another important misconception uncovered in this study was that many 
students thought that renewable energy technologies do not have any negative environmental 
consequences (Tortop, 2012).  This is an important misconception to address because all energy 
resources have environmental impacts which must be weighed against the benefits of each source.  
 Gossling et al. (2005) also highlight student misconceptions about the distribution and market 
dynamics of renewable energy sources.  For example, in their study, many students expressed concern 
about how a country would get energy during periods of calm when wind turbines do not generate 
electricity.  Students did not know about the concept of a suite of energy-producing technologies that 
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work in concert to meet real-time energy demand.  Furthermore, students cited renewable energy as 
“too expensive,” but do not know how much these sources actually cost compared to traditional fuels.  
Along those lines, students did not know about energy costs for consumers, and what an energy bill 
would look like with renewable energy generation in the electricity mix (Gossling et al., 2005).  This 
study reveals that an energy curriculum should address both the technological aspects of renewable 
energy, as well as the fundamental concepts of energy mixes and how electricity is delivered to 
electricity consumers.  
 
Conclusion 
This literature review seeks to evaluate current research about students’ knowledge and 
misconceptions of energy.  By examining studies about energy literacy, emerging themes suggest that in 
general, energy literacy among students in the United States is low and that there is a need for quality 
energy curriculums.  In addition, a successful energy curriculum will have components that address the 
cognitive, affective, and behavioral domains to ensure that students can reconcile the concepts that 
they learn with their own values and behaviors.  This is essential for students to be able to form smart 
energy behaviors and habits for the rest of their lives.  Furthermore, students hold a number of 
misconceptions about energy, particularly about energy conservation versus efficiency, and the 
mechanisms of renewable energy generation and use.  These misconceptions must be corrected in 
order for students to be able to make informed energy decisions in their own lives.  In the following 
energy-themed curriculum unit, these lessons from the literature will be applied so as to establish a 
quality set of activities that will help to foster higher energy literacy in high school students. 
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Promoting Energy Literacy through Teaching Students about Energy 
Use and Behavior 
 
A Systems Thinking Curricular Guide of Best Energy Activities for Teaching 
Energy Use and Behaviors 
 
 
Curriculum Guide Compiled and Evaluated by Katie Halpin 
Authors of curricular activities cited within individual activities 
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Outline of Activities: 
 
Unit 1:  Addressing Misconceptions and Energy Behaviors 
• Engage students in a brainstorming activity to elicit definitions and examples of behaviors that 
demonstrate energy efficiency versus energy conservation. 
• Empower students to conduct a classroom or a school-wide energy audit to see where energy is 
being used and where energy efficiency or conservation can be employed.  After the guided 
classroom energy audit, students can perform a personal energy audit in their homes.   
• Students will be challenged to think about the scale at which different behaviors will save 
different amounts of energy.  This includes scaling up individual energy saving behaviors to think 
about how much energy the whole class, the whole school, or the whole country could save 
through various changes. 
• After learning about various energy conservation and efficiency behaviors, students will come 
up with their own DIY energy saving challenge – they will have to design and implement a way 
to save more energy in their lives.  They will also calculate how much energy they will save with 
this behavior or project. 
• Final project:  students will develop an argument about what they think would be the most 
effective energy saving behavior that the whole school could adopt in order to save energy.  The 
students will support their claim with evidence and reasoning that they will then present to 
school administrators or employees.  
 
Unit 2:  Energy & Me: Where Does My Energy Come From? 
• Students will learn about one energy generation source in detail and then teach each other 
about these sources in a jigsaw-format so that all students get an overview of each energy 
source.  They will then engage in a game to weigh the advantages and disadvantages of the 
different energy sources. 
• Students will explore ways to generate a consistent current of electricity by creating a wind 
turbine using tools from a Maker’s Space or using classroom craft supplies. 
• Case study: Field trip to an Indiana wind farm.  The class will investigate a wind farm in Indiana, 
and if possible, take a field trip to the farm itself.  Students will learn about renewable energy 
options in Indiana and contrast those options with the traditional fuel source (coal).  Students 
will also learn about the various challenges of renewable energy. 
• Introduction to how energy is delivered to residential customers, and what an energy bill looks 
like.  Students will explore an electricity bill, and whether they can “opt in” to purchasing green 
energy from the utility company.  Students will also interact with energy data to determine what 
an energy demand curve looks like, and what implications energy demand dynamics has on the 
feasibility of renewables (ex. Solar “duck” curve). 
• Final project: would you install a solar panel on your roof?  Students will conduct research to 
determine if they think installing a solar panel on the roof of their home would be a viable 
investment.  Students will make a claim and then support their claim with evidence and 
reasoning that must address environmental, sociopolitical, and economic factors. 
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Indiana State Standards Alignment (for high school environmental science): 
SEPS.1 Posing questions (for science) and defining problems (for engineering). 
SEPS.2 Developing and using models and tools. 
SEPS.3 Constructing and performing investigations. 
SEPS.4 Analyzing and interpreting data. 
SEPS.5 Using mathematics and computational thinking. 
SEPS.6 Constructing explanations (for science) and designing solutions (for engineering). 
SEPS.7 Engaging in argument from evidence. 
SEPS.8 Obtaining, evaluating, and communicating information. 
11-12.LST.1.1: Read and comprehend science and technical texts within a range of complexity 
appropriate for grades 11-CCR independently and proficiently by the end of grade 12. 
11-12.LST.3.1: Determine the meaning of symbols, key terms, and other domain-specific words and 
phrases as they are used in a specific scientific or technical context relevant to grades 11-12 texts and 
topics. 
11-12.LST.4.1: Integrate and evaluate multiple sources of information presented in diverse formats and 
media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem. 
11-12.LST.4.3: Synthesize information from a range of sources (e.g., texts, experiments, simulations) into 
a coherent understanding of a process, phenomenon, or concept, resolving conflicting information when 
possible. 
11-12.LST.5.1: Write arguments focused on discipline-specific content. 
11-12.LST.7.1: Conduct short as well as more sustained research assignments and tasks to answer a 
question (including a self-generated question), test a hypothesis, or solve a problem; narrow or broaden 
the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding 
of the subject under investigation. 
11-12.LST.7.2: Gather relevant information from multiple types of authoritative sources, using advanced 
searches effectively; annotate sources; assess the strengths and limitations of each source in terms of 
the specific task, purpose, and audience; synthesize and integrate information into the text selectively to 
maintain the flow of ideas, avoiding plagiarism and overreliance on any one source and following a 
standard format for citation (e.g., APA or CSE). 
Env.2.4 Recognize and describe the different sources of energy, including fossil fuels, nuclear, and 
alternative sources of energy provided by water, wind, geothermal, biomass/biofuels, and the sun. 
Env.2.5 Give examples of the various forms and uses of fossil fuels and nuclear energy in our society. 
Env.2.6 Understand and describe how layers of energy-rich organic material have been gradually turned 
into great coal beds and oil pools by the pressure of the overlying earth. Recognize that by burning these 
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fossil fuels, people are passing stored energy back into the environment as heat and releasing large 
amounts of matter such as carbon dioxide and other air pollutants. 
Env.2.7 Differentiate between renewable and nonrenewable resources, and compare and contrast the 
pros and cons of using nonrenewable resources. 
Env.2.8 Cite examples of how all fuels, renewable and nonrenewable, have advantages and 
disadvantages that society must question when considering the trade-offs among them, such as how 
energy use contributes to the rising standard of living in the industrially developing nations. However, 
explain that this energy use also leads to more rapid depletion of Earth’s energy resources and to 
environmental risks associated with the use of fossil and nuclear fuels. 
Env.2.9 Describe how decisions to slow the depletion of energy sources through efficient technologies 
can be made at many levels, from personal to national, and these technologies involve trade-offs of 
economic costs and social values. 
 
NGSS Standards Alignment: 
HS-PS3-1 Energy:  Create a computational model to calculate the change in the energy of one 
component in a system when the change in energy of the other component(s) and energy flows in and 
out of the system are known. 
HS-PS3-3 Energy:  Design, build, and refine a device that works within given constraints to convert one 
form of energy into another form of energy. 
HS-LS2-7 Ecosystems: Interactions, Energy, and Dynamics:  Design, evaluate, and refine a solution for 
reducing the impacts of human activities on the environment and biodiversity. 
HS-ESS3-2 Earth & Human Activity:  Evaluate competing design solutions for developing, managing, and 
utilizing energy and mineral resources based on cost-benefit ratios. 
HS-ESS3-4 Human Sustainability:  Evaluate or refine a technological solution that reduces impacts of 
human activities on natural systems. 
 
*Note: These activities should be done after students have learned about global climate change.  
Students should be aware of how energy use burns fossil fuels that emit carbon dioxide to the 
atmosphere, which contributes to climate change, and thus why we must examine our energy use and 
find ways to decrease it.  Students should also be aware that most electricity in the United States 
comes from fossil fuels, and that we must find alternative ways to generate electricity in an effort to 
decarbonize society.     
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*Definitions for conservation and efficiency derived from EIA website, 
https://www.eia.gov/energyexplained/index.php?page= about_energy_efficiency  and Shahzeen Attari, School 
of Public & Environmental Affairs, Indiana University 
Unit 1, Activity 1:  Energy Efficiency versus Energy Conservation 
Introduction to Conservation & Efficiency in Personal Energy Use 
Lesson by Katie Halpin 
Objectives: 
1.  Students will be able to define energy conservation and energy efficiency 
2. Students will be able to identify if an action is an energy efficiency action or an energy 
conservation action 
3. Students will be able to verbalize the connection between climate change and personal energy 
use 
4. Students will be able to give an example of why someone may resist incorporating energy saving 
behaviors into their lives 
Materials: 
1. Large whiteboard 
2. At least 2 whiteboard markers 
Introduction – Identifying Actions: 
1.  Break students into 2 teams.  Each team will choose a representative to go to the board to 
write.   
2. The teams will have 1 minute to tell the representative at the board any behaviors that they 
currently do or can do to reduce the amount of energy they personally use (i.e. recycling 
does not reduce personal energy consumption – think about what will lower your electricity 
bill).  The representative will write down as many things as possible to generate a list of 
energy-saving behaviors.  
3. At the end of the 1 minute, allow the teams to briefly compare lists to determine if they 
have overlooked any energy-saving actions. 
Activity – Defining Conservation & Efficiency: 
1.  Now tell the students that we generally separate energy-saving behaviors into 2 categories: 
conservation and efficiency. 
2. Ask the students if they can define conservation vs. efficiency.  Come up with a clear definition 
for each. 
a. Conservation:  Any behavior that results in the use of less energy (doing the same 
behaviors, but less of the behavior – driving less, turning off lights, etc.) *  
b. Efficiency:  Any behavior that requires less energy to perform the same function, often via 
switching technologies (replacing lightbulbs with LEDs, buying more fuel-efficient car) * 
3.  Now have the students look back at their lists and in their teams have them verbally categorize 
each activity as a conservation action or an efficiency improvement.  Allow students to try and 
categorize as many actions as possible.  
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4. Wrap up the activity by going over the student categorizations:   
a. Point to several items on the different lists and ask them if it is conservation or efficiency to 
assess their categorizations. 
b. Ask them if there were any actions that they could not categorize and discuss why they are 
either conservation actions or efficiency actions 
Discussion - Connection to Climate Change: 
1. Next, have the students think about energy conservation versus energy efficiency and write what 
they think are the relative benefits of each.  Which behaviors do they think save the most energy?   
2. Then, have them connect the idea of implementing energy curtailment behaviors to global climate 
change – why is it important to reduce energy use in our daily lives (what is the relationship 
between energy use and climate change)?  What are the implications of energy use? 
3. Once the students have written something down, have them discuss with a partner or a cooperative 
learning group.  Then, have the groups share out what they talked about with the rest of the class.  
Be sure to highlight that energy efficiency behaviors typically save more energy than energy 
conservation (Gardner & Stern, 2008).  Ask them why might we see an emphasis on conservation 
actions over efficiency actions?  Is this problematic given the reality of global climate change? 
4. The last question should lead into some of the social implications of various energy behaviors 
(efficiency upgrades can be expensive).  What are some of the other barriers and issues?  Can all 
people implement various energy efficient and energy conservation measures?  Why might 
someone resist or choose not to implement a certain behavior? 
5. Have students think about their attitudes towards saving energy.  Do students think this is an 
important thing to do?  Have the students encountered someone that does not care about saving 
energy?  Why might a person feel this way?  How can we talk to people, particularly those who do 
not care about saving energy, about climate change and changing our behavior to save more 
energy?   
6. Depending on the level of students, you can give them Gardner & Stern’s paper on personal energy 
behaviors (citation below).  This is an excellent article addressing many of the issues surrounding 
personal energy use, but may be a cognitive challenge for some students.  This paper can be given 
either before (which will make it easier for them to do the activity above, but will tell you less about 
their prior knowledge about personal energy behaviors) or after this lesson (preferred).   
Gardner, G. T., & Stern, P. C. (2008). The short list: The most effective actions US households can 
take to curb climate change. Environment: science and policy for sustainable development, 50(5), 
12-25. 
Wrap-Up and Assessment: 
• Have students give definitions of conservation and efficiency in their own words. 
• Use questioning to test whether they can categorize different energy behaviors as conservation 
or efficiency (you can use behaviors from their lists or come up with new behaviors) 
• Have the students write on an exit slip: 
o what is the connection between energy saving behaviors and climate change? 
o what is one reason why someone may resist saving energy, and what could you say to 
them to encourage them to save energy?  
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Unit 1, Activity 2:  Classroom Energy Audit 
Conducting an Energy Audit to Identify Energy Waste 
Lesson is a compilation of energy audits designed by US EPA, Audubon Naturalist Society, and 
Minnesota Energy Challenge.  Homework comes from Clarkson University Energy Systems Curriculum. 
Objectives: 
1. Students will be able to answer questions about energy use in the classroom 
2. Students will be able to calculate energy use from lighting in the classroom 
3. Students will be able to use various pieces of equipment to measure information about energy 
4. Students will be able to evaluate energy use in the classroom and where energy is being wasted 
Materials: 
1. Student Worksheets 
2. Thermometer 
3. Watt Meter (if available) 
4. Paper clips 
5. Strips of light paper such as tissue paper 
Introduction – Energy Use in the Classroom: 
• Start by asking students to define energy conservation and energy 
efficiency in their own words.  Have other students give examples of 
each type of behavior 
• Next, ask students where they think energy is used in the school 
building/classroom (make a list of “energy users” on the board).  
Which of these “energy users” uses the most energy? 
• Ask where energy could be wasted in the classroom.  What do we 
mean by “wasted energy”? 
• Today students will be conducting an energy audit to qualitatively 
see where energy is being used in the classroom, and if any energy is 
being wasted.  Break students up into groups of 2-4 for this activity. 
• Prior to giving students the worksheet and allowing them to conduct 
their energy audit, have students make a “draft tester” by attaching 
a small paper clip to the end of a strip of tissue paper (see image, 
right).  At least each group should have a draft tester, but if you 
would like each student can make a draft tester. 
Activity – Classroom Energy Audit: 
• Distribute Student worksheets (following).  Have each group go 
through the worksheet to qualitatively measure energy use (and 
energy waste) in the classroom. 
 
Image from US EPA 
energy audit 
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Student Worksheet: Classroom Energy Audit  
(combination of energy audits from by US EPA, Audubon Naturalist Society, and Minnesota Energy 
Challenge) 
Directions:  Answer the following questions about classroom features that contribute to energy use.  If 
you don’t know an answer, seek help from a peer first and then your instructor. 
1. Where is the thermostat located?  
a. It should be located on inside walls, away from a bright light source (such as sunlight) or 
a heating or air conditioning vent. Is it?        Yes   No  
2. What setting is the thermostat reading? _______________ 
a. It should be set at 68 degrees Fahrenheit in winter or 78 degrees Fahrenheit in summer. 
Is it?   Yes   No  
3. Do you have windows in your classroom? Answer these questions, if you have windows. 
a. How many windows does your classroom have? ________________ 
b. How many layers of glass does each window have?   1   2 
c. Does your classroom have window coverings that allow you to block out intense sunlight 
during hot days?   Yes   No 
d. Which direction are the windows facing?  N S E W         
(The sun rises in the east and sets in the west. We get the most sunlight from the south 
and have the most shade on the north side of homes, buildings and trees) 
e. Take the small piece of paper and paper clip you made. This is a “draft detector.” Walk 
up to the window and hold the piece of paper at four different spots along the edge of 
the window, where the window meets the wall. Hold it still for about 15 - 30 seconds in 
each spot. Be sure to get really close to the window, if you can do it safely, and make 
sure that the heating vents aren’t blowing the paper. 
Does the paper move? Can you feel warm or cold air coming in through the window? If 
you can feel air move, the windows are not energy-efficient. Are your windows energy-
efficient?  Yes   No  
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4. Now take your draft detector to your classroom door. (If you have a door to a hallway and a door to 
the outside, do this activity with both doors.)  
a. Place the detector along the sides of the inside of the door, where it meets the walls, 
and along the floor. Do you detect any air moving through the cracks between the door 
and the wall or the floor? If you can feel any air moving, your door is not energy-
efficient. Is your door energy-efficient?             Yes   No  
b. Place the detector along the sides of the outside of the door, where it meets the walls, 
and along the floor. Do you detect any air moving through the cracks between the door 
and the wall or the floor? If you can feel any air moving, your door is not energy-
efficient. Is your door energy-efficient?                          Yes   No  
5. Does your classroom have a floor covering, such as carpeting?  Yes   No  
6. How high is your ceiling? (Use caution when trying to determine this.) Is it 8 feet or less?                   
Yes    No  
7. If you can safely open the air conditioning or heating unit in the classroom, do so, and look at the 
filters. Are they clean (little dust or dirt, not clogged)?  Yes   No 
8. Are the lightbulbs used in your classroom energy-saving bulbs? (You might need to ask your facilities 
manager this question.)   Yes   No  
9. Are all the desks and chairs away from heating or cooling vents?  Yes   No  
10. Now we will look at some of your personal activities in your classroom that affect energy use.  
a. Do you turn off the lights if you are the last one out of the room?       Yes                    No 
b. Do you avoid putting your textbooks, notebooks, etc. on top of heating or cooling vents? 
 Yes   No  
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Directions:  For the following charts, fill in the correct information using the tools provided to you by your 
instructor. 
 
LIGHTING 
How many lightbulbs or light tubes 
do you find?  
A  
 
 
How many hours are the lights ON 
each day? (you may need to 
estimate)  
B  
 
 
Find the type of light pictured below 
and enter the amount of energy it 
uses (watts) here  
C  
Find the total energy used by the 
lights using this equation:  
A x B x C =  
Total energy used for lighting 
(Watts/hour)  
A x B x C =  
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WATT METER  
Electrical Device  
Hypothesis 
(Circle Your Prediction) 
Actual Watt 
Meter Reading 
Laptop 
 0     5      25      50      75     100 
watts 
 
Cell phone charger  
 
 0     5      25      50      75     100 
watts 
 
Pencil sharpener 
0     5      25      50      75     100 
watts 
 
Other classroom device:  
___________________ 
 0     5      25      50      75     100 
watts 
 
 
 
THERMOMETER  
Location  
Prediction 
F 
Actual 
Temperature  
Within ideal 
range of 68°- 
78°F?  
On a desk in center of 
the room  
 
  
Near the windows     
Near the thermostat or 
heat/air unit  
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Energy Audit Analyzing Questions: 
Directions:  Answer the following questions based on your energy audit. 
 
1. If you answered “no” to any of the questions at the beginning of the energy audit, that means that 
the classroom is not using energy efficiently.  By improving upon these things, the classroom will use 
less energy, thus contribute less to global climate change.  Where in the classroom did you see 
wasted energy (which questions did you answer “no” to)? 
 
 
 
 
 
2. After calculating how much energy is used in lighting the classroom, do you think this is a lot of 
energy?  Why or why not?  Could we cut down on this energy use at all? 
 
 
 
 
 
3. How did your predictions of the amount of energy various electronics use compare to their actual 
energy usage?  Are you surprised by these differences?  Which item used the most energy?  Which 
item used the least? 
 
 
 
 
 
4. Did the temperature change in different parts of the room?  If it did, what could this tell us about 
the energy we use to heat and cool our classroom? 
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Teacher Information about Energy Audit: 
(from EPA “Simple Energy Audit”) 
If you answered “yes” to most of the questions at the beginning of the energy audit, your classroom is 
doing well. But if you said “no” to three or more, you need to work with your teacher, facilities manager, 
or other adult to improve these areas.  
Here’s why your answers matter:  
1. If your thermostat is located too close to a strong light or heat source, it will not properly measure the 
room temperature, which means that energy will be wasted because the heater or air conditioner runs 
more than it needs to. It also could mean that you are uncomfortable in your classroom, because if the 
thermostat is near a source of heat or air-conditioning, it will turn off well before the entire room is 
heated or cooled.  
2. If your thermostat is set too high in winter or too low in summer, you are wasting energy. Ask the 
person responsible for energy management in your school to check your thermostats and make sure 
that they are working properly.  
3. If your windows do not have the ability to block out intense sun, your air-conditioning costs are too 
high, or your comfort level is lowered (because the room cannot cool down). If you see or feel air 
moving through the edge of the window, this means you are losing energy from your classroom, and the 
windows need to be caulked, sealed, or covered by a storm window system.  
4. Your draft detector has helped you to determine whether your door is energy-efficient.  
5. Carpeting helps keep rooms more comfortable and conserves heat.  
6. Ceilings higher than 8 feet waste energy, because warm air moves to the top of the room instead of 
remaining near the floor where we are.  
7. Clean filters conserve energy by allowing the unit to run efficiently. Dirty filters waste energy.  
8. Energy-saving bulbs are more expensive to buy but save lots of money on electricity in the long term.  
9. If furniture blocks heating or cooling vents, the furnace or air conditioner will insufficiently heat or 
cool the room.  
10. When you wear clothes that are appropriate for the weather, you require less energy to keep warm 
or cool. Keeping lights on when you do not need them wastes energy. Again, if objects block heating or 
cooling vents, the furnace or air conditioner will insufficiently heat or cool the room. 
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Discussion – Making Sense of Energy Audit: 
• After each group has completed their energy audit worksheets, bring the class together for a 
discussion to address the following: 
1. If appropriate, go over “energy audit analyzing questions”.  Alternatively, these 
questions could be collected and assessed as a formative assessment. 
2. Did the energy audit address most of the “energy users” that we identified at the 
beginning of class?  Were there any “energy users” we did not think of at the beginning 
of class? 
3. What seemed to be using a lot of energy?  Lights? Heat? Electronics? 
4. Where in the classroom could we implement either energy efficiency or energy 
conservation? 
5. Have the students answer the following critical thinking question either in their 
notebook, at the end of their energy audit, or in an online discussion post.  If you 
choose, students can discuss their answers after writing them.  This question will be a 
bridge to the next activity in which students will consider the scale of energy use. 
 
Critical Thinking Question:  In your notebook, write down an example of “wasted energy” 
in your classroom.  In the grand scheme of energy use worldwide, does this wasted 
energy matter (does it make a significant contribution to global climate change)?  Now 
assume that every classroom in every school around the world also wastes energy in this 
way.  Does this wasted energy matter?  Explain why or why not. 
Wrap-Up and Assessment: 
• Why is it important that we conduct energy audits?  Why do we want to know how much energy 
we are using/wasting? 
• Where is energy being used in the classroom?  What do students think uses the most energy?  
(Teaching note: heating and cooling typically uses the most energy)  
• Where is energy being wasted in the classroom? 
• For homework, students will complete an at-home energy audit exercise (following).  This audit 
will have students track energy usage in their home over the course of a week.  These data can 
be used in the following activity about energy calculations and scale of energy use. 
• Optional:  If time allows, students can fill out an exit slip as additional formative assessment.  
Exit slip questions could include:  How can the classroom use energy better?  What is still 
confusing about energy use after completing the energy audit? 
 
  
32 
 
Student Homework:  At-Home Energy Audit 
(Worksheet comes from Clarkson University Energy Systems Curriculum) 
Directions:  Find at least 5 items in your home that use electricity (preferably things that you personally 
use).  Then, track how much time each electronic is used each day for 1 week.  Record answers in the 
spreadsheet, below. 
Appliance Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Total Hours Wattage
EXAMPLES:
Television (19") 1.50 2.50 2.00 1.00 2.50 2.50 3.00 15.00 100.00
Space heater 4.00 3.50 5.00 6.00 5.50 4.50 5.00 33.50 1500.00
Personal computer 2.00 1.00 1.50 0.00 1.00 2.00 2.50 10.00 200.00
YOUR APPLIANCS:
0.00
0.00
0.00
0.00
Energy Tracker (Hours/Day) Cost Calculator
 
*Note:  Wattage of various appliances can either be found online (estimate) or on the device itself (on 
the informational tag on the device’s cord).  Use caution when looking for wattage information on the 
device itself. 
Discussion Questions: 
Directions:  Answer the following questions after completing your at home energy audit. 
1. What three appliances consume the most electrical energy at your house? 
 
2. Does an appliance or device that has a high wattage always use the most energy over the week 
or month? Explain. 
 
3. What do you think you could do to reduce the amount of energy used in your house? 
 
4. Electrical Energy is one of the critical energy resources in our daily lives. Describe how you might 
replace the work of three of the appliances / devices if you did not have electricity. 
 
 
5. How do you think your house compares to average energy use in the state of Indiana?  How 
does it compare to the rest of the country?  How does it compare to the rest of the world? 
 
33 
 
Unit 1, Activity 3: Calculating Energy Use and Savings 
 
Unit Analysis to Calculate Energy Use and Savings 
Lesson by Katie Halpin, Clarkson University Energy Systems Curriculum, and The Need Project. 
 
Objectives: 
1. Students will be able to calculate the amount of energy something uses given wattage and time 
used 
2. Students will be able to calculate how much it costs and how much carbon dioxide is emitted in 
using an appliance 
3. Students will be able to communicate about the scale of personal energy use versus energy use 
by the entire school, community, and country 
 
Materials: 
1. At least a 4-function calculator for each student 
2. Student worksheets 
 
Introduction – Connecting our Energy Audit with Large-Scale Energy Use: 
• Think back to your critical thinking question from the end of your classroom energy audit.  
Discuss your answer with the person sitting next to you/in a small collaborative learning group.  
Then, share answers out to the rest of the class. 
• In the last activity we qualitatively assessed energy use in the classroom.  Now we will 
quantitatively measure energy use.  How might we calculate energy use? How could we use 
math to “scale up” our energy use to assess statewide, countrywide, or global energy use?   
(use these questions to elicit prior knowledge and general numerical literacy from students.  
This may guide how fast/slow this activity takes)   
 
Preparing for Activity – Energy Units and Calculation: 
1. Start with an introduction to energy units.  Ask students how we measure energy?  What units 
do we use? 
2. Introduce relationship between power and energy  
Power = Energy/Time  
Energy = Power*Time 
 
Common energy units: Joules, Watt-hour, BTUs, etc. 
Common power units: Watts (J/s), Kilowatts, etc. 
 
For household energy measurements, we generally use kilowatt hours (kWh) 
1 kWh = 1000 Wh 
1 Wh = 3600 J  
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3. Have students list what appliances they have used so far today (ex. Laptop, hair dryer, toaster, 
coffee maker, etc.  Then, have them look up online how much power (in Watts or kilowatts) 
each of these devices use (Michael Bluejay is a good resource for this). 
4. Next, have students calculate the energy used by these appliances by multiplying the power 
times length of time using each appliance. 
 
Example:  I blow dried my hair for 7 minutes this morning with a 1875 W blow dryer.  How many 
Wh of electricity did I use? 
7 minutes = 0.12 hours; 1875 W  
1875 W * 0.12 h = 219 Wh 
(*Note, you can also have students convert between SI units to remind them of Joules) 
 
If various devices have “standby” power such as microwaves, tv’s, cable boxes, etc. the students 
can also calculate total energy used (energy used during use and while on standby) 
 
Example:  Assume you watch 1.5 hours of tv, followed by 3 hours of rest, followed by 1.5 more 
hours.  How much electricity does your cable box use in a 24 hour day? 
Power while in use: 75 W 
Power while on standby: 30 W 
Time in use = 3 hours 
Time in standby = 24 – 3 = 21 hours 
Energy = Power * Time 
(in use power * time) + (standby power * time) 
(75W * 3hr) + (30W * 21hr) =  
=225 Wh + 630 Wh = 855 wh = 0.855 kWh 
 
Activity – Calculating the Cost and Impact of Electricity Use: 
 
• See handout “Cost of Using Electrical Devices” (following) for more practice with calculating 
energy use, cost of electricity, and amount of carbon dioxide produced per appliance.   
*Note:  The students can either choose new electronics around the classroom, or use those 
appliances they tested with the Watt Meter in their energy audit (laptop, cell phone charger, 
pencil sharpener, another device) 
 
Challenge Questions: 
1. Calculate the number of pounds (lbs) of carbon dioxide emitted from a car going 60 mph for 
60 minutes (assumptions: 1 gallon of gas = 8887 g CO2, 1 gallon of gas = 20 miles). 
Answer: 
60 miles*1 gallon/20 miles = 3 gallons gas used 
3 gallons gas * 8887 g CO2/1 gallon = 26661 g CO2 
26661 g CO2 = 26.661 Kg CO2 
1kg = 2.21 lbs 
26.661 Kg CO2 * 2.21 lbs/1Kg 
=58.92 lbs of CO2 
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2. Have the students think about how many lightbulbs they have in their house (or in 1 room 
of the house), and how often these lights are used (on average).  Have the students 
calculate the cost savings in a year of switching all of these bulbs from incandescent bulbs 
(60 W) to LED bulbs (8 W).  Assume the cost of electricity is $0.12 per kWh. 
 
Answer: 
 
3. Once students have calculated the cost savings of buying more energy efficient lightbulbs, 
have them calculate how much energy and money would be saved by turning the lights off 
more often (the energy conservation counterpart activity).  Have them compare and discuss 
how much more savings come from the energy efficiency behavior versus the energy 
conservation behavior (connecting to activity 1.1). 
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Connection to Home Energy Audit Homework: 
• Now look back on your Excel spreadsheet of from your home energy audit homework.  
Assuming your data on the use of each of these devices is typical for a given week.  Now 
extrapolate this data out and calculate how much your parents spend on the energy to power 
these devices per year, and how much carbon dioxide is released into the atmosphere each 
year.  Record these calculations on your spreadsheet 
• How can you save on energy use in your house?  Are you willing to use any of the devices you 
collected data on less?  Are there any efficiency improvements that can be made with these 
devices? 
• Extension activity:  Calculate the amount of standby power each of the devices you measured 
uses.  How does the amount of standby electricity consumption compare with the total amount 
of electricity used?  Can you think of ways to reduce the standby electricity use? 
 
Scaling it up – Energy Savings: 
 
• Bring the class back together to decide on a task that will reduce energy usage (examples 
include changing lightbulbs from incandescent to LED’s, driving X fewer miles, taking X fewer 
minutes in the shower, etc.) 
• Have the students calculate how much money they would save if they implemented this 
behavior by themselves (ex. Each student replaced 1 lightbulb or took a 2-minute faster 
shower). 
• Then, calculate how much energy the whole class would save if every single person in the class 
did this behavior. 
• Then, calculate how much energy the whole school would save if every single person in the 
school did this behavior. 
• Then, calculate how much energy the whole city/town would save if every single person in the 
city/town did this behavior. 
• Then, calculate how much energy the whole state would save if every single person in the state 
did this behavior. 
• Then, calculate how much energy the whole country would save if every single person in the 
country did this behavior. 
 
Discussion – What these numbers mean: 
Once the class has completed the “Scaling it Up” Activity, facilitate a discussion with the class about the 
magnitude of energy use.  Possible questions include: 
1. What has surprised you most about quantitatively calculating energy use?  Did you have an 
idea before about how much energy various things used? 
2. What is the relationship between your energy use and the larger energy system?  Explain. 
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3. We have done a lot of calculating of  
how many pounds of carbon dioxide is 
released due to some of our energy 
use.  Using the visual to the right, try to 
describe to a partner how big your 
“box” of carbon dioxide would be for 
one of your devices (laptop, cell phone 
charger, TV, etc.).   
4. Now try scaling this box up like in the 
last activity.  How easy is this to do?  
How large would the school’s “box” of 
carbon dioxide be? 
5. Does this visual representation make 
you feel any different about your 
energy use?  Would this be a helpful 
visual in teaching people about the 
need for decarbonization and/or 
energy savings? 
6.  How would you describe the scale of 
energy use to your younger brother or 
sister?  What type of comparisons could you use? 
 
Wrap-Up and Possible Assessments: 
• Collect the “Cost of Using Electrical Devices” worksheet to check for student understanding and 
ability to calculate energy, cost, and carbon dioxide emissions.  
• For a homework assignment, the students could repeat the “Scaling Up” exercise with another 
example, perhaps from home.  This would be an excellent formative assessment to check for a 
student’s ability to complete the necessary calculations for determining how much energy a 
certain behavior uses and how to scale up that energy use. 
• An exit slip or informal poll for what (if anything) the students would like to practice more would 
be very helpful here.  The amount of time spent on this activity will vary greatly depending on 
class, level, and individual students, however, these calculations should not be rushed.  If a 
student is really struggling, it is possible to step back and work on simple unit analysis problems. 
 
 
 
 
 
 
 
 
Image from:  
https://www.flickr.com/photos/carbonquilt/8229
754120 
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The following worksheets are from The Need Project 
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Unit 1, Activity 4:  Energy DIY Project 
 
Energy DIY Project 
Lesson by Katie Halpin and Clarkson University Energy Systems Curriculum. 
 
Objectives: 
1. Students will be able to identify an energy saving behavior that they can change in their own 
2. Students will use problem solving to design a project to save energy 
3. Students will be able to make a rough calculation of how much energy their project will save if 
they implement their design and if everyone in the class implements their design 
4. Students will communicate what their design looks like, how it works, and how much energy it 
will save 
 
Materials: 
1. Student worksheets 
2. Whiteboards and markers (optional) 
 
Introduction – Energy Saving Projects: 
• Now that students have learned about energy efficiency behaviors and energy conservation 
behaviors, and can calculate how much energy certain things use, the students will come up 
with DIY projects in their home that will help them save energy. 
• Students will begin by brainstorming ideas in groups, however, students will complete these 
projects on their own. 
 
Activity – Picking an Energy DIY Project: 
• Have the students start by brainstorming potential ideas for projects they can design themselves 
to save energy.  Students can work in small groups to generate lists of ideas on whiteboards. 
• To refine lists, prompt students to ask the following questions: 
1. Does this design save energy? 
2. How will you calculate the energy this design will save? 
3. Can you realistically incorporate this design into your life for the long term? 
• Allow students to come up with their own lists, but example projects could be placing a bottle of 
water in the back of a toilet bowl to reduce water use during each flush, creating a timer that 
can be set to time the length of showers, designing a mechanism to remind students to turn off 
lights, creating a campaign/visual to encourage people to switch incandescent lightbulbs with 
LED bulbs, etc. 
• Once the students have made their lists, they will choose one of their design ideas to 
implement.  Students can fill out the following form about their design. 
• Students will create and implement their design.  Afterwards, they will present their design and 
energy saving data to the class. 
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Student Design Form 
(form from Clarkson University Energy Systems Curriculum). 
 
Directions:  Fill out the form below based on the energy DIY project idea that you have come up with. 
 
1.  Describe your energy DIY project idea. 
 
 
 
 
 
2. What materials will you need to complete your project? 
 
 
 
 
 
3. List the tasks and specific steps that need to be done in order to complete your project. 
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Design Presentations – What Students Have Learned: 
• Students will make a presentation about their energy DIY project to share with the class.  This 
presentation can be a PowerPoint, a video, a poster, or another format of your choosing 
• Student presentations must include: 
1. A description of their design and how it works to save energy 
2. Calculations to determine how much energy the student will save in a year if they use 
their design, and how much the entire class will use if everyone uses their design 
(*Note: student must include what assumptions and sources they made in making these 
energy calculations) 
3. Drawbacks and limitations to their design idea – how can their design be improved in 
the future 
• Both a teacher rubric and a peer review form are provided below 
 
Wrap-Up and Assessment: 
• Collect student design worksheets to assess ideas for feasibility and actual energy saving designs 
• Teacher presentation rubric can be used as a summative assessment for the project.  Peer 
review rubrics can be used to assess active listening to other students’ presentations. 
 
Teacher Rubric 
Criteria Exceeds Expectations Meets Expectations Below Expectations 
Description of design and 
how it saves energy 
 
10  8.5 6 
Energy calculations 
(assumptions, one student, 
whole class savings) 
15 12 9 
Drawbacks, limitations, 
improvements 
 
5 4 3 
Presentation style, 
mechanics, and 
professionalism 
5 4 3 
Total Points 
 
/35   
 
Final Grade:_____________________________ 
Comments: 
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Peer Review Form 
 
1.  Did the presenter clearly explain how their design saves energy and how much energy is saved?  
What evidence did they use? 
 
 
 
 
2. Is there anything about their project that seems questionable or unreasonable? 
 
 
 
 
 
3. Do you think their project could be implemented in your life?  Why or why not? 
 
 
 
 
 
4. What suggestions do you have to improve their energy saving design project?  
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Unit 1 Summative Assessment – Adopting Energy Saving Behaviors 
Advocating for a School-Wide Energy Saving Initiative  
Lesson by Katie Halpin 
Objectives: 
1. Students will draw on previous lessons to assess various energy saving behaviors 
2. Students will be able to make an argument about which energy saving behavior would be the 
best option for implementation school-wide 
Materials: 
1. Enough Rubrics for each guest judge 
2. Computer with projection capabilities for student PowerPoints 
3. Preferably, pre-load student presentations onto computer for ease of transitions 
4. Timer 
Assessment Prompt: 
Now that we have learned about energy use, conservation, and efficiency, your group will formulate an 
argument for which energy saving behavior you think our school should adopt in order to save energy 
and mitigate additional carbon dioxide from entering the atmosphere.  You will need to use information 
about the school’s size to quantitatively assess how much energy the school will save if the behavior is 
successfully adopted, how much money the school will save on energy costs, how much they will have 
to spend to implement the behavior (if applicable), and how much carbon dioxide will not end up in the 
atmosphere due to this change.  Furthermore, you must address the social implications and feasibility of 
this behavior change (will this be a popular change, or will people be angry?).  You must include an 
explanation of why the school should encourage energy savings by implementing this energy-saving 
behavior.  Each group will develop a 15-minute presentation that must address:  
• why the school should want to reduce their energy usage  
• the economic, environmental, and social considerations of adopting this behavior  
• distinguish whether the behavior represents energy conservation or efficiency  
• why this type of behavior is the best option for the school   
Students will present before a panel of school administrators and stakeholders (volunteer teachers from 
the school). 
Assessment Rubric: 
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Criteria Above Average Average Below Average Incomplete 
Why should the 
school want to 
reduce their 
energy use and 
encourage others 
to reduce their 
energy use? 
Fully formed 
argument with 
evidence 
connecting to 
scientific 
principles and 
class information 
Adequate 
argument that 
connects to        
in-class 
information 
Superficial 
argument with 
incomplete or 
unsatisfactory 
connections to in-
class information 
Lacks proper 
argument 
formation and/or 
supporting details 
Behavior 
identified and is 
correctly 
categorized as 
conservation or 
efficiency 
Excellent 
explanation of the 
behavior, 
classifications, 
and differences 
between 
classifications 
Behavior correctly 
explained and 
classified 
Behavior 
identified but not 
classified/ 
incorrectly 
classified 
The behavior is 
not explained 
and/or classified 
Assertion as to 
why this is the 
best/most 
effective 
behavior to adopt 
Fully formed 
argument with 
evidence 
connecting to 
scientific 
principles and 
class information 
Adequate 
argument that 
connects to some 
in-class 
information 
Superficial 
argument with 
incomplete or 
unsatisfactory 
connections to in-
class information 
Lacks proper 
argument 
formation and/or 
supporting details 
Evidence of 
energy savings 
with behavior 
adoption (energy 
calculations) 
Energy 
comparisons 
properly done and 
well-explained 
Energy 
comparisons 
properly done 
Energy 
comparisons not 
done properly 
Energy 
comparisons not 
done 
Evidence of 
economic (costs 
& savings) 
considerations 
 
Economic 
considerations 
well-explored and 
explained 
Economic 
considerations 
mentioned but 
superficially 
explained 
Economic 
considerations 
mentioned but 
not explained 
Economic 
considerations 
missing or 
incomplete 
Evidence of 
environmental 
(CO2 reductions) 
considerations 
 
Environmental 
considerations 
well-explored and 
explained 
Environmental 
considerations 
mentioned but 
superficially 
explained 
Environmental 
considerations 
mentioned but 
not explained 
Environmental 
considerations 
missing or 
incomplete 
Evidence of social 
(feasibility, 
popularity) 
considerations 
 
Social 
considerations 
well-explored and 
explained 
Social 
considerations 
mentioned but 
superficially 
explained 
Social 
considerations 
mentioned but 
not explained 
Social 
considerations 
missing or 
incomplete 
Professionalism 
and presentation 
 
 
Presentation is 
exceptionally 
well-done, and 
members 
contribute equally 
Presentation is 
well done and 
professional, 
team members 
contribute equally 
Presentation is 
lacking 
professionalism or 
equal teamwork 
Presentation is 
inadequate, 
chaotic, and/ or 
one teammate 
dominates 
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Unit 2, Activity 1:  Exploring Energy Sources 
 
Where Does my Energy Come From?  
Lesson by Katie Halpin and The Need Project (Energy in Society, The Great Energy Debate, and 
Secondary Energy Infobook Activities). 
 
Objectives: 
1. Students will be able to identify which energy sources generate most of the United States’ 
electricity 
2. Students will be able to describe the advantages and disadvantages of various energy 
generation sources 
3. Students will be able to elicit some environmental issues associated with energy generation 
 
Materials: 
1. Student worksheets 
2. Computers with internet access 
 
Introduction – Sources of Energy in the United States: 
• Use handout “Electric Connections” (following) to introduce students to the top sources of 
energy in the United States.  *Note: you may want to check the US Energy Information 
Administration (EIA) website beforehand to make sure that these rankings are still accurate 
today.  If not, a discussion question for after the activity is why might these rankings be 
changing? 
• After completing the game, have students go to the EIA website, navigate to Indiana’s electricity 
profile, and discover what the top sources of energy are in Indiana (coal, natural gas).  
 
Activity – Advantages and Disadvantages of Energy Sources: 
• Use the handout “Great Energy Debate” (following) to highlight the various advantages and 
disadvantages of the different sources of electricity generation. 
• Have the students review the information about the different energy sources first and then, 
using a jigsaw format, present the most important information about each source to the other 
students. 
• This activity may be done as a whole class, or in smaller groups depending on your class size.   
• *Teaching note:  it may be helpful to pair this activity with a reading, mini-lecture, etc. that goes 
over the basic concepts of each of the different types of energy sources and how they work due 
to the notable misconceptions about energy generation discussed in the literature review.  As 
this information about different energy sources is straightforward and readily available online, 
this suggested lecture is not included in this curriculum guide.  However, quality sources for 
finding information about energy generation can be found through the EIA or the US Department 
of Energy. 
 
Discussion – Interpreting the Energy Debate: 
• At the end of the activity, have the students share out facts, advantages, and disadvantages of 
each of the different energy sources. 
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• Ask the students which facts surprised them the most?  Which facts did they already know? 
• Why isn’t there one clear “winner” in terms of energy generation – why do we have so many 
different types of sources? 
• Thinking back to our climate change unit, why do we use energy sources that have negative 
impacts on the environment?  Besides fossil fuels emitting carbon dioxide, what are some other 
environmental issues associated with these different types of energy sources? 
• Given that we will eventually need to decarbonize our society, how might we go about replacing 
fossil fuels with some of these other sources?  What are the issues we are seeing with 
decarbonization? 
• What are some other factors (besides environmental considerations) that we need to consider 
in our choice of energy sources? 
 
Wrap-Up and Assessment: 
• For homework, students can complete one or all of the formative assessment activities 
(following).  *Note: it would be helpful to make the “Great Debate” energy source fact sheets 
available as a resource for students to use in completing these activities.  If the students use 
other sources, encourage them to write down the website to ensure that it is a reliable 
information source (for example, the EIA website is a great source). 
• To end class, use a formative assessment tool such as questioning, an exit slip, a Kahoot quiz, to 
address the following: 
1. Which energy source generates the most electricity in the United States?  Which 
generates the second most?  Third most? 
2. Why do we have so many different sources of energy?  What are some of the issues 
with coal? Wind? Solar? Nuclear? 
3. If you were in charge, which energy source would you use to generate the US’s energy?  
Why? 
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All following worksheets are from activities from The Need Project  
Electric Connections Worksheet and Instructions: 
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Great Energy Debate Instructions and Sheets:
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Formative Assessment Student Sheets:
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Formative Assessment Answer Sheets:
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Unit 2, Activity 2:  Making a Wind Turbine 
 
Building Your Own Wind Turbine  
Lesson by Katie Halpin 
 
Objectives: 
1. Students will discover how turning the blades on a turbine can convert kinetic energy into 
mechanical energy to power a generator that makes electricity 
2. Students will be able to make a judgement about design decisions (how many blades, how big 
the blades are, etc.) to generate maximum current for a sustained period of time 
3. Students will interact with the design process in order to plan, develop, build, test, and improve 
their own wind turbine designs 
4. Students will collect and evaluate data to determine the ideal wind turbine design 
5. Students will be able to use the wind power equation and the voltage and current to calculate 
the Watts of power generated from a turbine 
 
Materials: 
1. Wind turbine construction materials* 
2. A small DC motor for each student/group 
3. A large box fan (as a wind source) 
4. Multimeter (to measure voltage and current output from the turbines) 
5. Student worksheets 
6. A 4-function calculator for each student 
 
*Students can either design and create their own turbines from classroom materials (popsicle sticks, 
straws, construction paper, glue, bits of plastic, etc.), or both Vernier and The NEED Project sell wind 
turbine kits which can be used to make mini turbines. 
 
Introduction: 
• Introduce your students to wind power.  Using wind turbines to generate electricity by capturing 
the kinetic energy from wind is an increasingly common and low-cost renewable energy 
alternative.  
• Indiana has an installed capacity of 2,117 MW, which means that under ideal conditions when 
all turbines are in use, this is theoretically how much electricity all of the wind turbines in the 
state can produce.  Wind power provides almost 5 percent of the Indiana’s total electricity 
generation.   
 
Activity – Designing a Wind Turbine: 
• Students will work through the design process to make their own turbine using the following 
worksheet.  They can either work independently or in small collaborative learning groups 
(recommended). 
• Students will also use the wind power equation to calculate the power in Watts that a turbine 
can generate. 
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• Teacher note:  As the students are thinking and deciding what should be included in their initial 
design, walk around to the different groups and ask probing questions about their designs – why 
they have chosen a certain design, what considerations are they thinking about, have they 
gotten inspiration from a particular source (i.e. a picture from above, an online search, etc.).  It 
may be worth having a conversation about design considerations prior to beginning the 
building/designing process.  In particular, why are these considerations important?  How can 
these designs be translated to the real world? Go through and list design considerations that 
they should be thinking about. 
• While the students are building their turbines, monitor for safety, but also be sure to ask the 
students questions about how they are building their turbines, why they have chosen certain 
materials, and how they will connect the blades to the nacelle and motor. 
• Once students have built their turbines, use the fan to generate wind to turn them.  Connect the 
multimeter to the motor and measure both voltage (volts) and current (amps).  Then, have 
students calculate the wattage by multiplying volts and amps (Power = Voltage*Current) 
 
Wrap-Up and Assessment: 
• Be sure to check over the questions in the student handout to make sure students can calculate 
power from measures of voltage and current as well as with wind data using the wind power 
equation. 
• As a class, go over post-design questions to ensure students understand how electricity is 
generated from turbines and what factors are important to consider (smooth, continuous 
current, larger turbine blades produce more power, etc.). 
• The whole class can also verbally compare the various turbine designs side-by-side in order to 
assess student understanding of the significance of the turbine blades, number of blades, 
material used to create the blades, and the balance of the turbine in general.   
• Students can also make a private judgement about which design is most effective in the form of 
a written reflection.  This judgement will be important for determining whether students have 
come to correct assumptions about how the turbine works. 
• Ask the student to connect this back to their own personal energy use.  Could they power all (or 
any) of their devices with their turbines?  How many or how big would their turbines have to be 
to charge their cell phones? 
• To connect this activity to the following activity (a field trip to a wind farm), students can 
complete a short reading on wind turbines for homework (following).  This reading covers the 
basic design of a turbine, issues of siting, and briefly touches on public acceptance. 
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Student Worksheet – Designing a Wind Turbine 
There are many different types of wind turbines, each with different strengths and limitations for 
capturing the wind’s energy.  Below are some examples of utility-scale wind turbine designs: 
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The first step in the design process is to create your design.  Start by looking at the pictures of turbines 
above and discuss with a partner how you would design your turbine if you were in charge.  Would you 
design a similar turbine to what you have seen?  Do you have another idea for capturing the wind? 
Perhaps a combination of multiple designs would work best.  
   Sketch your initial design the box below. 
   
 Keep a running list of design decisions that must be considered when designing a wind turbine (ex. 
Strength and ability to endure strong wind, size and angle of the blades, balance of the turbine etc.) in 
the space below: 
 
 
 
 
 Once you have your turbine design, you may use the provided materials to build your turbine.   
Record the maximum voltage and current achieved by your turbine design: _______________________ 
How does this compare to the maximum voltage and current achieved by all of the designs tested?
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Power Equation Data 
Wind Power equation:  𝑃 = 0.5𝜌𝐴𝑉3 
Where: 
P = power output (Watts = kg m2 s-3) 
𝜌 = air density (kg m-3) – generally a constant = 1.225 kg m-3 
A = area swept by turbine blades (A = π*r2) (m2) 
V = wind speed (m s-1) 
 
1.  Calculate the power output given a wind speed of 4 m/s and an area swept by blades of 100 m2. 
 
 
 
 
 
 
2. The wind has picked up, and now wind speed is 6 m/s.  Calculate the new power output given 
the same turbine. 
 
 
 
 
 
 
3. Now calculate the power of a turbine with a turbine area of 150 m2 with wind speeds of both 4 
m/s and 6 m/s. 
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Given these calculations, which design consideration is most important in building a new turbine to 
maximize power output? 
 
 
What would you like to change about your design to get more power? 
 
 
 
Sketch your final design the box below. Include a description of materials, including measurements. 
 
  
Record the maximum voltage and current achieved by your turbine design: _______________________ 
How does this compare to the maximum voltage and current achieved by all turbine designs? 
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Post-Design Questions 
1. Which turbine do you think would be better for generating electricity, a turbine that has a lowered 
but sustained current output, or a turbine with a high current achieved but only in small fits or 
jumps?   Why?  
 
 
 
 
 
 
 
2. Which turbine design generated a constant (or close to constant) electrical current for an extended 
period of time? 
 
 
 
 
 
 
 
3. What are the design features that you think contributed to this successful design?  Use the data you 
recorded above to support your answer. 
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4. Use the power equation given below to calculate how many watts of power your turbine design 
generated. 
Power (Watts) = Current (amps)*Voltage (volts) 
 
 
 
 
 
 
 
5. How many watts did the turbine with the highest current generate?  Is this enough to charge your 
cell phone? 
 
 
 
 
 
 
6. There are several different technologies that use the same basic mechanism for converting kinetic 
energy into electricity.  Pick one of these technologies and describe how it works.  What other 
design considerations would you have to think about for this technology?   
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Wind Turbine Reading (from The NEED Project):
90 
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Unit 2, Activity 3:  Case Study: Wind Farm in Indiana 
 
Energy Source Case Study:  Field Trip to a Wind Farm  
Lesson by Katie Halpin and The NEED Project. 
 
Objectives: 
1. Students will be able to make a judgement about the intrusiveness of wind farms in Indiana 
2. Students will be able to explain issues associated with siting and building a wind turbine 
including wind energy potential, technical requirements, and sociopolitical factors 
3. Students will be able to form an argument about the relative advantages and disadvantages of 
wind energy in a community 
 
Materials: 
1. Pre-arranged appointment to visit one of the wind farms in Indiana 
2. Bus/vehicle to transport students 
3. Computers with internet access for each student 
4. The wind turbine reading assigned for homework after the last activity 
5. Whiteboards and whiteboard markers for student groups (optional) 
 
Introduction – Preparing for the Field Trip: 
• Go over the brief reading that the students had for homework.  Make sure the students 
understand: 
1. Wind turbines convert the wind’s kinetic energy into mechanical energy that generates 
electricity 
2. According to the reading, turbines operate most efficiently between wind speeds of      
8-14 m/s.  Look at the Indiana wind resources map (following).  Where is the best place 
to site turbines?  
3. There are various factors that impact how much electricity can be generated including 
wind speed and turbine design (less blades, light-weight material, blade shape and 
smoothness, angle of the blades, etc.) 
4. Siting of turbines has many variables to consider – steady wind stream, far enough apart 
from other things to get a steady wind but close to transmission lines, available land, 
environmental impacts (especially endangered species, birds, and bats), terrain, and 
public acceptance (noisy, eye sore, etc.) 
• If time allows, have the students do an Internet search about public acceptance of wind 
turbines.  What types of information and arguments do they find?  What are the big issues and 
complaints?  Do the students agree with these issues?  Is wind energy still a viable option for 
generating electricity and moving the country towards decarbonization? 
 
Activity – Field Trip to a Wind Farm: 
• A tour of a wind farm can be set up by contacting the county’s economic development offices.  
Use the contact information below to find the wind farm nearest to you: 
o Meadow Lake Wind Farm (White County):  574-583-6557 
o Fowler Ridge Wind Farm (Benton County):  765-884-2080 
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o Headwaters Wind Farm (Randolph County):  765-584-2790 
 
• Before the field trip, have students write down some questions that they would like to ask on 
the field trip.  Encourage students to focus on questions about siting, public acceptance, 
environmental issues, and how much energy is generated from that wind farm (you can put this 
generation capacity in context by comparing it to other energy generation sources in your area, 
i.e. you can look up the capacity of the closest coal plant, natural gas plant, etc.  For example, 
the solar installation at the Indianapolis airport creates 17.5 MW of electricity, and the Eagle 
Valley coal-fired plant in Martinsville, IN has a nameplate capacity of 302 MW). 
 
Discussion – Reflections on the Field Trip: 
• After the field trip, have students write a reflection (perhaps for homework) about the field trip.  
Have the students focus on what they learned, what was surprising, and whether they would 
consider voting to install a wind farm in their town (why or why not?). 
• Ask the students to share out their reflections in class if they feel comfortable.  This share-out 
can also take place in smaller learning groups. 
 
Wrap-Up and Assessment – Wind in My Backyard: 
• To wrap-up and assess the field trip, have students think about whether they would support a 
wind farm development near their home or school.  Have students get into partners or small 
groups to discuss: 
o What information they would need to know to make an informed decision? 
o Where would they find the information they need? 
o What would be some of the impacts of a wind farm in the community?  How would it 
effect the larger energy system in Indiana? 
o What are the issues with siting a turbine in their community, who are the stakeholders? 
o What would be the conditions that would have to be true for them to accept the 
building of a wind farm in their community (i.e. they will only support a wind farming 
being met if…) 
• After the students have come up with answers to the above, have them share with the rest of 
the class what they have decided (what information they would need, where they would find 
that information, what are the issues, and what would have to be true in order for them to 
accept a wind farm development project in their community).  They students may use 
whiteboards to brainstorm and write down what they have decided if they want. 
*Note:  If the students decide under no conditions would they ever support wind development in 
their area, that is fine, but make sure they explain why they do not support wind development. 
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Map from the WINDExchange (US Department of Energy): 
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Unit 2, Activity 4:  Energy Systems 
 
Understanding the Energy System 
Lesson by Katie Halpin, The NEED Project, Union of Concerned Scientists, and the CLEAN Project 
 
Objectives: 
1. Students will be able to recognize that various generators supply electricity to utilities to meet 
energy demand at any given time 
2. Students will be able to articulate how electricity is distributed from generation facilities into 
their homes 
3. Students will be familiar with some of the issues of meeting electricity demand with renewable 
energy 
4. Students will become familiar with what an energy bill looks like and what information is 
contained therein 
5. Students will be able to discuss barriers to renewable energy uptake from the electricity 
consumer perspective 
 
Materials: 
1. Computers for each student with internet access and a graphing program such as Excel 
2. “Energy Economics” Game handouts 
3. Sample electric bills 
4. From Grid to Home student handout  
 
Introduction & Discussion– Energy Markets: 
• To introduce how the energy generation system works, play the “Energy Economics” game 
provided (following). 
• After the game, discuss what students learned from the game.  Be sure to clarify that in reality, 
our electricity is supplied by many different generation facilities selling their energy to several 
different utilities in almost real-time (and there are different markets to sell electricity on 
different time frames).   
• Have students think about barriers to meet energy demand that renewable energy facilities may 
have to encounter (ex. Intermittency, transmission loss) 
• In light of global climate change, how can we incorporate alternative energy technologies 
despite some of their drawbacks?  Which sources would be good for providing baseload power? 
What about peak demand? (nuclear and hydroelectric are good for baseload, perhaps wind 
would be good for peak demand)   
• Show students the following curve displaying typical energy demand throughout the day (note 
the large units on the y-axis, perhaps a discussion about orders of magnitude could be 
appropriate here.  Though the demand changes seem small, they are actually huge).   
• Next, discuss the issue of the “solar duck curve” and how utilization of solar power to meet a 
large proportion of demand poses new challenges for energy suppliers (the afternoon “ramp 
up” of other electricity sources as the sun becomes less strong). 
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• Have the students think back to their own energy use and habits from unit 1.  How can they 
change their behaviors to “smooth” out their own personal demand curves?  Would this matter 
or be effective in the grand scheme of energy demand?  What if the whole class or school did it? 
• Contrast centralized electricity generation (which is what we have currently) with distributed 
generation (lots of smaller, distributed generation sources).  What would we need to do in the 
US to move from centralized to distributed electricity?  How would this help integrate 
renewable energy and mitigate climate change? 
 
Electricity Demand Curve: 
 
Figure from:  https://www.eia.gov/todayinenergy/detail.php?id=830 
  
Solar “Duck” Curve: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure from lecture by Sanya Carley, School of Public & Environmental Affairs, Indiana 
University  
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• You can also show students a short YouTube video about how electricity is distributed from the 
generation source to homes.  The first video below is an overview, and then introduces smart 
grids.  The second video describes the energy losses that occur during generation, distribution, 
and transmission. 
Video about distribution & transmission with smart grids:  https://youtu.be/nbPmsBmo03Y  
Video about distribution & transmission with energy losses:  https://youtu.be/PNh6PO3aM4s  
• Finally, define Renewable Portfolio Standards (Indiana has a voluntary renewable energy target, 
but Illinois has a full RPS that can be used as an example) and have students think about the 
advantages and disadvantages of this type of policy requiring states to generate some portion of 
their electricity from renewables. 
 
Activity – Examining Electricity Bills: 
• Ahead of time, ask students to bring in an example of their family’s electricity bill (if possible).  
Have them redact their addresses and any billing information before bringing the bills in 
• Provide extra examples of electricity bills from your home, the school, or the sample bills 
provided here (following). 
• Pass around these example energy bills and have students read and interpret them.  Ask the 
students to identify: 
o The cost of electricity per kilowatt hour 
o The total amount of electricity used that month 
o If applicable, how electricity usage changes month by month 
• Next, use the “From Grid to Home” data and worksheet (following) to compare electricity bill 
averages and to determine the amount of carbon dioxide emitted by using electricity. 
• After figuring out how much carbon dioxide they emit given their family’s electricity use and the 
renewable/nonrenewable fuel mix for the region, have the students go to the utility website 
and see if they can find out how to sign up for green energy programs to help offset carbon 
dioxide emissions.   
o How easy is it to find information about green energy?   
o How many people do you think go through this process of signing up for green energy? 
o What can utility companies do to make this option more attractive? 
o What are some reasons why consumers might not want to pay more for green energy? 
o Should utility companies be responsible for providing a low-emissions or “green” option 
for their consumers?  Why or why not?   
o What is an alternative way for consumers to push for decarbonization of our electricity 
system? 
 
Wrap-Up and Assessment: 
• Use questioning or exit slips to make sure students understand that energy is supplied by 
multiple generation sources that sell electricity to utility companies, how electricity is then 
distributed to homes, and what some of the issues are with renewable energy sources meeting 
electricity demand.  Students should also be able to articulate some of the barriers as a 
customer to be able to pay for/use low-carbon energy.  
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Energy Economics Game (from Union of Concerned Scientists):
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Sample Electricity Bills (from The NEED Project):
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From Grid to Home Student Worksheet 
(Worksheet and data from the CLEAN Project) 
Directions:  Use the following data in the Excel Spreadsheet to answer the questions below. 
From Grid to Home Data: 
Region Avg. Monthly Consumption (kWh)Avg. Monthly Bill ($)Coal (%) Natural Gas (%)Nuclear (%)Hydro (%) Other Renewables (%)Fuel/Oil ( )
New England 649 108 15 41 28 5 6 1
Middle Atlantic 722 101 36 19 35 6 2 2
East North Central 830 81 69 5 23 0.5 1 0.5
West North Central 970 81 74 5 15 2 3 0.5
South Atlantic 1156 116 53 17 24 1 2 3
East South Central 1290 108 64 12 19 3 2 1
West South Central 1149 128 37 46 12 1 4 1
Mountain 908 85 57 25 7 8 2 0.5
Pacific Contiguous 699 83 4 37 12 38 9 1
Pacific Noncontiguous 659 135 12 21 0 8 4 54
US Total 9032
National Average 102.6 42.1 22.8 17.5 7.25 3.5 6.45
 
Questions: 
1.  Produce a bar chart showing residential electricity use (in kWh) from highest to lowest by region. 
 
2. Look at your electrical bill for last month. Is your household energy usage above or below your 
regional average? Discuss why it may be higher or lower. 
 
 
 
 
 
 
3. How many kWh of your electricity came from each source? (Assume your household electricity is 
produced according to the pie chart for your region shown in the figure on the next page). 
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4. How many tons of carbon dioxide did your house hold produce last month? (See table below.) 
 
Energy Source Pounds of CO2 produced per kWh electricity 
Coal 2.095 
Natural Gas 1.321 
Petroleum 1.969 
 
 
 
 
 
 
6. Calculate how many kWh your household would need to reduce to cut your CO2 emissions by 10%? 
How much money would that save your household?  
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Unit 2 Summative Assessment – Installing Solar Panels 
 
Making Energy Decisions:  Would You Install Rooftop Solar? 
Lesson by Katie Halpin 
 
Objectives: 
1. Students will be able to apply their knowledge of the energy system to assess the relative merits 
of adopting a renewable energy technology 
2. Students will grapple with imperfect information to make a decision about the feasibility of 
rooftop solar in Indiana 
3. Students will address renewable energy uptake from an environmental, economic, and a 
sociopolitical perspective 
 
Materials: 
1. Assessment rubric for each group 
2. Enough peer review forms so each student can fill out the peer review for at least 3 other 
groups 
3. Ability to print posters (or recommendation for where students can print posters) 
4. Ability to hang posters in the classroom, hallway, or common area of school 
 
Assessment Prompt: 
 
Now that you have become an expert on Indiana’s energy system, you have decided to consider 
whether or not you should install a solar PV installation on the roof of your family’s home.  In order to 
make this decision, you and your group need to first outline what information you need to inform your 
decision and where this information can be found.  Then, you will try to find this information and make a 
decision about whether or not installing these solar panels would be a good idea.  You must support 
your decision with evidence and reasoning, and address any questions or issues you may face if you do 
choose to install the solar panels.  You must also include a calculation of either how many solar panels 
you would need to install to meet your monthly electricity needs, or alternatively calculate how much of 
your energy bill would be offset by this installation.  You will make a poster (use a template in 
PowerPoint or Adobe InDesign) to present your decision and evidence supporting this decision.  The 
class will then have a poster session in which students will be able to see each other’s posters.  You will 
be required to peer review 3 other poster during this poster session. 
 
*Teaching note:  this may be a difficult and frustrating challenge for students because of the open-
endedness of this assessment.  I would recommend allotting a considerable amount of class time for 
doing this assessment in-class so you can scaffold and guide the groups as necessary.  For group work 
management, consider using a tool such as a “scrum” to organize the students so they know which tasks 
they are responsible for doing and what still needs to be done.  For information on scrum group work, 
see:   
Pope-Ruark, R. (2012). We scrum every day: Using scrum project management framework for 
group projects. College teaching, 60(4), 164-169. 
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Assessment Rubric: 
 
Criteria Above Average Average Below Average Incomplete 
Decision Made Decision about 
installing panels 
clearly stated and 
easy to see on 
poster 
Decision about 
installing panels 
stated on poster 
Decision about 
installing panels 
stated but not 
clear or easy to 
find on poster 
Decision about 
installing panels 
not stated on 
poster 
List of 
information 
needed and 
where to find 
information 
Comprehensive 
list of information 
compiled with 
relevant and 
reliable sources 
Satisfactory list of 
information 
compiled with 
reliable sources 
Incomplete list of 
information 
compiled and/or 
questionable 
sources 
Either list of 
information or 
sources used 
missing 
Evidence to 
support decision 
based on 
environmental, 
economic, and 
sociopolitical 
factors 
Outstanding 
consideration of 
all factors and 
excellent 
reasoning and 
evidence used to 
support decision 
All factors 
considered and 
sound evidence 
and reasoning 
used to support 
decision 
One or more 
factors not 
considered, 
and/or weak 
evidence to 
support decision 
Does not provide 
evidence to 
support decision 
Calculation about 
number of solar 
panels/how much 
electricity will be 
offset 
Sound, evidence-
based 
assumptions and 
clear, well-done 
calculation 
performed 
correctly 
Calculation done 
correctly with 
sound 
assumptions 
stated 
Calculation is 
incorrect, 
incomplete, or 
assumptions are 
inappropriate 
Calculation not 
complete and has 
missing 
assumptions 
Presentation and 
professionalism 
of poster 
Well-done and 
professional 
poster that 
demonstrates 
extra effort made, 
all group 
members can talk 
coherently about 
decision 
Clear and 
professional 
poster, all group 
members can 
answer questions 
about decision 
Poster is lacking, 
and/or not all 
group members 
can answer 
questions about 
decision 
Very poor and 
incomplete 
poster, few group 
members can 
answer questions 
about decision 
 
Comments: 
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Peer Review Form for Poster Presentations: 
 
1. What was this group’s decision and why did they decide this way? 
 
 
 
 
 
 
2. What was the most convincing argument the group used to support their decision?  What was 
the least convincing argument the group used? 
 
Most Convincing: 
 
 
 
 
Least Convincing: 
 
 
 
 
3. Did the group perform a sound calculation to determine how many panels they would need or 
how much electricity would be offset?  Why or why not? 
 
 
 
 
 
 
4. Did this group fail to consider something?  If so, what? 
 
 
 
 
 
 
5. Question I asked the group about their poster: 
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Thesis Discussion 
Introduction 
 This discussion’s purpose is to explain why the accompanying curriculum guide represents the 
best lessons to promote energy literacy through teaching high school students about energy behaviors 
and use.  In the first unit, activities are designed to address misconceptions surrounding personal energy 
use, energy efficiency, and energy conservation.  The second unit has students confront misconceptions 
concerning where our energy comes from, what types of energy sources we use, and what are the basic 
principles of the energy system economy.  These lessons can be utilized on their own, or as a systems 
thinking curricular unit to address energy topics from the scale of personal energy use up to large-scale 
energy systems analysis.  The activities within the curriculum guide are situated in educational theory as 
well as current research in energy literacy, which make them effective teaching tools to promote deep 
learning and will allow students to use the knowledge they have learned in a productive way.  This 
curriculum guide is tied to educational research and theory in that it is place-based and relevant to 
students’ lives, fosters independent thinking that can lead to responsible action, allows students to 
strengthen their communication skills in order to apply and demonstrate their knowledge, engages 
students in active and in-depth learning while activating prior knowledge and addressing 
misconceptions, and incorporates both formative and summative assessment into the learning process  
(NAAEE, 2015; Smith, 2013; Birmingham & Calabrese Barton, 2013; Broadbent, 2002; National Research 
Council, 2000).   These activities also promote energy literacy because they address the cognitive, 
affective, and the behavioral domains by showing students how energy relates to their lives, how energy 
use impacts the environment and society, and why there is a need to promote energy conservation, 
efficiency, and alternative energy uptake (DeWaters et al., 2007).   
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The Value of a Systems Thinking Curriculum 
 The cornerstone of “systems thinking” is to focus on the interactions between the parts of a 
complex system in order to understand how the system as a whole functions (Institute of Play, 2014; 
Boersma et al., 2011; Ben-Zvi Assaraf & Orion, 2005).  Some of the skills that support systems thinking 
processes are understanding relationships such as feedback mechanisms, cause and effect, how 
structure influences behavior, recognizing that models have boundaries, and that systems tend to be 
nonlinear.  Furthermore, students engaged in systems thinking practice scientific reasoning skills such as 
interpreting qualitative and quantitative data and applying content knowledge of a wide array of 
different disciplines (Sweeney & Sterman, 2000).  By thinking about relationships between elements 
within a system and the interdependence between various systems, systems thinking approaches can 
help students think critically to generate solutions to complex problems (Richmond, 1993).   
Systems thinking as an important tool for critical thinking has been incorporated into the 
popular “21st Century Skills,” which has promoted systems thinking as a way to solve problems 
encountered in the modern age (P21, n.d.).  The hallmark of a 21st Century problem, for which systems 
thinking poses an avenue for finding solutions, is a problem that is complex, interdisciplinary, involves 
judgement and uncertainty, and has many possible solutions (Draper, 1993).  As such, the growing issue 
of global climate change and the daunting task of decarbonizing society seems to be an exemplar of a 
21st Century problem that could be approached with a systems thinking framework.  Indeed, I argue that 
systems thinking can be used to help students understand the complex interactions of the complicated 
world of energy systems in which technology, science, environment, politics, economics, and social 
milieu intersect.   
Therefore, this compilation of high-quality lesson plans has been organized into a systems 
thinking approach to the energy system.  These lessons address the energy system from different levels 
of magnification.  First, students examine the small piece that they play in the energy system in the first 
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two activities, Energy Efficiency vs. Energy Conservation and Classroom Energy Audit.  Then, the students 
begin connecting these pieces to the larger energy system, such as looking at where our electricity 
comes from in Exploring Energy Sources and Case Study: Wind Farm in Indiana.  Students also engage 
with the various scales of the energy system in Calculating Energy Use and Savings by calculating energy 
savings if they change their behaviors, if the whole class changes behaviors, or if the whole school 
adopts energy saving behaviors.  In the Energy Systems, students draw connections between energy 
generation and energy end-use by learning about the economics of energy demand, and how electricity 
is distributed from the power plants to residential consumers such as themselves.  Finally, in the Unit 2 
summative assessment, Installing Solar Panels, students engage with the complexity of becoming a part 
of the energy system.  The students must first identify what information about the system they need to 
know, and then evaluate that information to decide if they want to become small-scale energy 
producers, as well as consumers, by installing solar panels on their homes.   
By having students interacting with various pieces of the energy system throughout this 
curriculum, students will gain a better understanding of the complexity and nonlinearity of the energy 
system as a whole.  Students will have to use critical thinking, quantitative reasoning, design theory, and 
data analysis skills throughout these activities to interpret the environmental, economic, technological, 
and sociopolitical issues that exist throughout the highly interdisciplinary energy system.  Furthermore, 
students will be exposed to the relationships such as feedback mechanisms and cause and effect 
between various actors in the energy system.  In doing so, students will gain the autonomy to make 
decisions and support their opinions on how to move society away from fossil fuels and towards 
decarbonization.    
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Connecting the Curriculum to Energy Literacy Research 
 As discussed in the literature review preceding the curriculum guide, the threat of global climate 
change and the necessity of moving society towards decarbonization means that energy and energy use 
will be an important issue for decades to come.  However, a lack of knowledge about energy use and the 
energy system, coupled with psychological barriers to translate knowledge into action, leaves many 
people feeling unable or unwilling to participate in effective efforts to curtail energy use and transition 
into a low-carbon energy system (Gifford, 2011).  This lack of knowledge about energy use has been well 
documented (DeWaters & Powers, 2008; NOWCAST, 2005; NEETF, 2002; Gambro & Switzky, 1999; 
Farhar, 1996; Barrow & Morrisey, 1989), and has inspired researchers to define energy literacy and 
establish a body of knowledge for how to teach energy literacy in classrooms.  This literature review 
revealed that an effective curriculum to promote energy literacy among high school students must 
address the cognitive, affective, and behavioral domains, so that students understand what energy is, 
but also how their attitudes and behaviors contribute to the overall energy system (DeWaters et al., 
2007).  Furthermore, because there is a disconnect between knowledge and behavioral change, energy 
literacy curriculums must place an emphasis on energy use in students’ lives and how students can make 
small behavioral changes that are in line with the content knowledge that could last even after the in-
school energy unit is complete (Brewer et al., 2013; Dewaters & Powers 2013; McCaffrey & Buhr, 2008; 
Chess & Johnson, 2007).  
This curriculum guide starts with connecting energy issues to students’ lives and behaviors, since 
this was an issue seen in the energy literacy work done by both DeWaters and Powers (2011) in New 
York State and Lee et al. (2015) in Taiwan.  The first task in this curriculum guide is having students think 
about energy use in their homes and trying to come up with ways they know they can save energy (in 
Energy Efficiency vs. Energy Conservation).  In connecting these various energy efficiency and energy 
conservation behaviors to climate change, students are forced to think about their attitudes and beliefs 
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about why it is important to save energy, and what are the barriers that some people face to enact 
these energy saving behaviors, which touches on the affective domain.  Then, during the Classroom 
Energy Audit, students are able to see where and how energy gets wasted in the classroom that they sit 
in every day.  Furthermore, the at-home energy audit exercise that is given for homework in this activity 
highlights what students’ energy use at home looks like and how much energy their devices use.  Next, 
students look quantitatively at how much energy is used to power the devices and appliances they use 
each day.  They also begin to gain the cognitive knowledge of just how much energy is used when we 
scale up seemingly small amounts of energy use.  Finally, students gain knowledge of how small 
behavioral changes, such as switching out lightbulbs can make a big impact if everyone did this behavior.  
This cognitive knowledge is then applied in the Energy DIY Project where students must find a way to 
implement an energy-saving behavior in their own lives.  This addresses the disconnect between 
cognitive knowledge and the behavioral domain cited in the energy literacy literature (Lee et al., 2015; 
Brewer et al., 2013; DeWaters & Powers, 2011) in that students must try to incorporate this behavior or 
habit in their daily lives.  This project may also contribute to students encouraging others to adopt 
energy-saving actions since they become invested in their project to save energy.  Finally, the unit 1 
summative assessment combines all three domain areas in that students must use their cognitive 
knowledge of energy behaviors to argue for the adoption of a particular energy behavior that the school 
should implement, and why it would be an effective change.  The students must also address the 
affective domain in discussing the social implications of the school adopting this energy-saving behavior, 
and why it is important for the school to try and save energy and promote energy savings.  Finally, the 
behavioral domain will be addressed since the students will be arguing for an actual energy saving 
implementation in the school. 
The second unit is similarly grounded in the literature surrounding energy literacy.  In Exploring 
Energy Sources, students gain cognitive knowledge about the various types of electricity generation 
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sources that are used in the United States.  After learning about the various sources of energy, the 
students evaluate the environmental implications of different energy sources, which gets at the 
behavioral domain in terms of having students think about decision-making in the energy realm.  Next, 
as students dive into an examination of wind energy in Making a Wind Turbine and Case Study: Wind 
Farm in Indiana, the students learn cognitive knowledge about how turbines work, how to design and 
build a working turbine, how to calculate energy from wind turbines, how to evaluate various factors 
affecting turbine output, and what the social, political, and economic factors are in building wind 
turbines in a given area.  After the field trip to the wind farm, the students must decide if they would 
support wind development in their communities, thus engaging students’ affective knowledge.  
Furthermore, the behavioral domain is also incorporated in that students must be open to new ideas 
and evaluate the pros and cons of a decision to build wind farm in their area.  The Energy Systems 
activity similarly addresses the cognitive domain as students learn about how energy is generated, 
bought by utility companies, and distributed to end-use customers.  The affective domain is also 
incorporated into this activity as students explore their own ability to choose to “opt in” to using green 
energy through their utility company.  All three domains are addressed in the unit 2 summative 
assessment, where students need to decide if they would install solar panels on their rooftops to 
generate some of their own electricity.  The students must apply their cognitive knowledge to determine 
how many solar panels they would need, or how much energy they could generate with a set number of 
solar panels.  Furthermore, they would have to consider the sociopolitical benefits and costs associated 
with people’s attitudes about installing solar panels.  Finally, they would use the behavioral domain to 
evaluate whether solar panels would be a prudent idea for their home, and why one might consider 
installing solar panels.              
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Curriculum Applications in Other Courses 
 An important facet of the energy literacy research suggests that in order for energy topics to be 
particularly “sticky” for students, they must be exposed to various energy concepts over several years 
and in several different classroom contexts (Brewer et al., 2013).  Therefore, there is value in 
incorporating various activities within this curriculum guide into different classes and years in school.  As 
such, these activities have been designed to be scaled up or down depending on the level of students 
and the year in school.  Furthermore, this curriculum takes advantage of the interdisciplinary nature of 
energy so that it can be used in an environmental science class as well as other course disciplines.   
For example, Calculating Energy Use & Savings is a computational-heavy lesson that could be 
easily incorporated into a mathematics course in order to demonstrate the relationship between 
different variables (the relationship between power, energy, and time), as well as to practice unit 
analysis and conversions.  This lesson could also be used in an economics class to talk about budgets and 
how to save money through various energy behaviors.  In a biology class, pieces of the Classroom Energy 
Audit relating to temperature could be used to examine the use of energy in our bodies to regulate 
temperatures.  Depending on how warm or cold the classroom is, students could determine the ideal 
temperature that the classroom should be kept at, and whether this would use more or less energy to 
keep the classroom at that temperature.  The Energy DIY Project could be incorporated into an 
engineering class where students using engineering and design principles to create an object that will 
lead to energy saving behaviors.  This DIY project could also be incorporated into an art class where 
students explored different mediums and creative spaces with which to create a project artifact.  The 
unit 1 summative assessment, Adopting Energy Saving Behaviors could be combined with students’ 
English or speech class to incorporate argumentation and presentation skills learned in these humanities 
classes.   
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In the second unit, the Exploring Energy Sources activity could be used in a history, civics, or 
economics class to illustrate where our energy comes from, and why we have historically used the 
energy sources that we do.  Furthermore, A history or civics class could use this activity, coupled with 
the Energy Systems activity, as a case study of society’s development based on the fossil fuel 
dependence established during the Industrial Revolution.  The Energy Systems activity could also be 
expanded to address more of the market dynamics within energy markets in an economics class.  Using 
the electricity demand curve, students could learn ways in which electricity markets are structured and 
regulated to meet this inconsistent demand.  A civics class could also explore the local benefits and risks 
of installing wind turbines in a community by incorporating the Case Study: Wind Farm in Indiana field 
trip and activity.  The Making a Wind Turbine activity was originally developed to utilize a Maker’s 
Space.  If a school has access to this type of resource, students can design their wind turbines using 
various tools in a Maker’s Space such as the 3-D printer or a laser cutter to print existing models of 
nacelles or to cut different shaped blades for the turbine.  Alternatively, a physics or engineering class 
could incorporate this wind turbine building project to learn more about the factors affecting 
mechanical energy.  Finally, the unit 2 summative assessment, Installing Solar Panels could be a joint 
project with an economics or even a political science class to help students dive more deeply into 
economic or political facets of individual solar PV installations.  Students can do more sophisticated cost-
benefit analyses of the payback period of solar panels, or they could look more closely at state policy 
and incentives that make solar panels more or less desirable in some areas.  A chemistry class could look 
more closely at how solar panels work, and how they panels convert solar radiation into usable 
electricity.    
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Connecting the Curriculum to Educational Theory 
 The accompanying curriculum guide showcases activities found across the internet that both 
connect to current research on energy literacy and are also grounded in educational theory and 
research.  One of the strengths of this curriculum guide is that it relates to the lives, community, and 
family of the students, making it a strong example of place-based education (NAAEE, 2015; Smith, 2013; 
Birmingham & Calabrese Barton, 2013; National Research Council, 2000).  For example, the students 
must think about energy use and behaviors in their own homes, and then must measure energy use at 
home in Energy Efficiency versus Energy Conservation and the homework portion of Classroom Energy 
Audit, respectively.  Furthermore, students can use their own measurements and home data to 
complete various calculations in Calculating Energy Use and Savings, which sheds light on how much 
money is being spent and the amount of carbon dioxide emissions associated with the energy use in the 
students’ homes.  In addition, the Energy DIY Project offers the opportunity for students to design 
something that can be used in their own homes and perhaps by other members of their families.  The 
school community is also engaged in both Calculating Energy Use and Savings, and especially in the unit 
1 summative assessment, Adopting Energy Saving Behaviors.  In the second unit, the place based 
educational practices are carried through as the students learn about the energy system in Indiana 
specifically.  The students have the opportunity to visit a nearby wind farm in Case Study: Wind Farm in 
Indiana and consider the viability of solar power for their homes in the unit 2 summative assessment, 
Installing Solar Panels.  Both of these units connect student energy behaviors and use to the real-world 
problem of generating adequate energy to meet demand while also considering the implications for 
global climate change.  By connecting the curriculum to both place and real-world problems, students 
feel more empowered as actors within their communities to help find solutions for these energy 
problems (Birmingham & Calabrese Barton, 2013). 
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 In addition, the activities within this curriculum guide promote independent thinking that can 
lead to effective and responsible action, which according to the North American Association for 
Environmental Education (NAAEE) is an important principle for excellent environmental education 
(NAAEE, 2015).  Students are encouraged to think independently about taking effective action in several 
of the discussion portions of the activities including Energy Efficiency versus Energy Conservation, 
Classroom Energy Audit, Calculating Energy Use and Savings, Case Study: Wind Farm in Indiana, and 
both unit summative assessments.  Furthermore, the NAAEE also emphasizes the development of 
communication skills in excellent environmental education because it allows the learner an opportunity 
to demonstrate and apply their knowledge (NAAEE, 2015).  In both unit summative assessments, 
Adopting Energy Saving Behaviors and Installing Solar Panels, the students must apply and communicate 
their knowledge before school personnel and for their classmates.  In the Energy DIY Project students 
have another opportunity to communicate their knowledge that they applied to their energy saving 
designs.  
 This curriculum unit also adheres to several principles of how people learn, including activating 
prior knowledge to help students construct their own meaning and connections between ideas (NAAEE, 
2015; National Research Council, 2000).  In the first activity, Energy Efficiency versus Energy 
Conservation, students are required to think about what they already know about energy saving 
behaviors.  In Calculating Energy Use and Savings, students think back to this first activity, as well as to 
their Classroom Energy Audit homework about where they can best save energy in their house.  At the 
end of Calculating Energy Use and Savings, students are able to interact with a visualization of energy 
quantities in terms of a physical quantity of how much carbon dioxide is released.  All of this comes 
together in the students’ Energy DIY Projects and in the unit 1 summative assessment.  To start unit 2, 
Exploring Energy Sources, students try to guess how most of our electricity is generated.  In addition, 
because of the activity and project-based nature of this curriculum unit, the students are active 
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participants in learning the material, and also engage in metacognitive strategies to assess their own 
learning process (NAAEE, 2015; National Research Council, 2000).  For example, in Energy Efficiency 
versus Energy Conservation, the students are challenged to think about their own attitudes about energy 
conservation and efficiency, while in Calculating Energy Use and Savings, Making a Wind Turbine, and 
Case Study: Wind Farm in Indiana, students reflect on what they found most surprising in these 
activities.  Furthermore, one of the underlying themes in the entire curriculum is addressing 
misconceptions about energy behaviors and energy usage (Broadbent, 2002; National Research Council, 
2000).  The first unit addresses and attempts to undo misconceptions related to the difference between 
energy conservation and energy efficiency, and the relative effectiveness of each.  In the second unit, 
misconceptions about where our energy comes from are dispelled as students learn about different 
energy sources as well as the larger energy system.   
  These activities focus on in-depth learning that involves thoughtful problem solving that can 
transfer to other situations, rather than superficial memorization (National Research Council, 2000).  For 
example, rather than using expository teaching methods to tell students about each of the different 
types of renewable energy sources, unit two focuses on the two types of renewables that students will 
likely encounter most often in their everyday lives: wind power and solar power.  By having the students 
explore the most common renewable energy type in Indiana, wind power, over the course of two 
activities, students will come away with a much richer understanding of how wind energy is generated, 
and what some of the issues with wind power are.  The unit 2 summative assessment presents a very 
real scenario in which a non-energy expert must figure out what information they need and where to 
find that information to assess the feasibility of installing solar panels on their roofs.  This is a 
complicated task for students, but it represents the reality that most people are not energy experts and 
must work with imperfect information while making these important, and expensive, energy decisions.  
Going through this process of learning what they need to know and making a decision based off of what 
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information they can find, students will gain experience in a type of real-world problem solving that may 
transfer to other situations in their lives.   Finally, the National Research Council’s book, How People 
Learn (2000), emphasizes the importance of incorporating assessment into lessons as a form of learning 
about student learning.  Each activity in this curriculum guide has suggested formative assessments tied 
to the activity, and each summative assessment for the two units can be used to assess whether 
learning over the unit has occurred. 
 
Possibilities and Barriers for Distributing Quality Curriculums  
 Once a quality curriculum that can be tied to both educational theory and current research has 
been developed, the next important step is getting that curriculum into the hands of teachers so that it 
can be used effectively.  In reaching out the authors of the various curricular activities featured in this 
curriculum guide, I explored how these organizations and research teams connected with educators to 
disseminate the activities, and what some of the barriers for this dissemination were.  One of the most 
common forms of curriculum exposure and distribution was through offering workshops and 
professional development seminars for teachers to attend to learn about the curriculums.  These 
workshops are valuable because then teachers can experience the curriculums first-hand and are more 
likely to find ways to incorporate the various lessons (Swan, personal communication).  These 
workshops are advertised through email blasts, social media, event calendars on the organization’s 
website, flyers sent to school districts, phone calls to certain schools and teachers, and through 
partnerships with sponsors.  School presentations are also an avenue to encourage teachers to attend 
workshops.  In addition to workshops, some organizations hold mini-workshops or set up informational 
booths at teacher conferences.  The National Energy Education Development (NEED) Project also hosts 
their own conference each summer to promote their materials and help teachers find ways of 
incorporating energy topics into their curriculums.   
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 Other avenues in which organizations advertise their curriculums is by keeping a database of 
emails for teachers and school districts.  Organizations then can send regular email newsletters, host 
periodic webinars, and use other websites and curriculum repositories from partners such as “Teach 
Engineering” and PBS Learning websites.  Furthermore, the CLEAN Project develops media kits that they 
send to state-level teacher organizations to be able to reach more teachers.  Governmental 
organizations such as the National Parks Service rely on press releases since they cannot use traditional 
advertising, however, they have organization-wide educational programs and portals where individual 
National Parks can publish their educational materials.  Finally, universities such as Clarkson University 
can utilize grant funding to create graduate fellowship positions to work directly with local teachers to 
help incorporate information and curriculums into classrooms.   
 Despite the many ways in which organizations try to reach out to teachers, there are still 
multiple barriers to dissemination of these materials.  One barrier that was cited by multiple 
organizations was the issue of funding.  At Clarkson University, once the grant funding for their program 
expired, the work on the curriculum stopped and the graduate fellowship outreach program ended.  
Furthermore, budget constraints limit the number of workshops and professional development 
opportunities that organizations can hold; and can constrain workshops to only more local areas (rather 
than having more nationwide workshops).  Relatedly, budgets can also restrict the number of people 
working on various curriculum resources, which can lead to less time being spent on recruitment and 
workshop planning.  Staffing issues can also lead to lower-quality curriculums, and inconsistency in the 
people working on different projects.  For example, the education staff at Shenandoah National Park has 
been limited to only 1 permanent ranger position, while the rest are seasonal staff that must go through 
lengthy hiring processes each year.  With these fluctuations in staff and having to train new staff 
members each year, less time can be spent reaching educators.  Another issue is whether information 
sent to schools and distributed through school districts actually gets shared.  A representative from the 
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NEED Project noted that when school districts periodically change their emails, it is hard for an 
organization to maintain a current database of emails.  Finally, one of the biggest barriers is teacher 
interest and ability to incorporate new curriculums.  Several different organizations mentioned that 
teachers have talked about inflexible curriculums that are set far in advance, making it difficult to bring 
in new material such as these curriculums.  In addition, teachers can often be overloaded with resources 
and advertisements for various resources, making it difficult for organizations to differentiate their 
curriculums, and hard for teachers to select the best curriculums to incorporate.  
 Upon hearing about these strategies and barriers for getting high-quality curriculums into the 
hands of educators, it is important to evaluate further limitations and opportunities for future work in 
developing and promoting the best educational resources.  Though workshops seem to be a popular 
method of distributing curriculum resources, these workshops tend to be fairly local, and likely only 
attract those teachers that are motivated to spend an afternoon learning a specific curriculum.  
Furthermore, as educators face stringent curriculum requirements and pre-designed classes to meet 
state standards, there is less room for additional programming such as more robust units on energy that 
will foster energy literacy.  As such, this is opportunity for future work to explore incorporating more 
energy literacy concepts, including those that address the affective and behavioral domain, into state 
standards.  Furthermore, promoting quality curriculum resources through state standards websites 
could open up more opportunities for exposure to these documents.  Though funding was commonly 
cited as another barrier for making and distributing high quality curriculums, the use of grant programs, 
such as the NSF grant used by Clarkson University, or sponsors could be another opportunity for 
universities and non-profit organizations to allot time and effort to researching and establishing 
exemplars in research-based curriculums.  These programs can then in turn be advertised and offered 
for free through the universities, and perhaps even the grant programs and sponsors themselves.  
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Finally, perhaps partnerships with energy organizations could be established so that these energy 
companies, utilities, and research bodies could also be promoting quality educational resources.        
 
Conclusion 
Though this curriculum guide demonstrates that there is a plethora of high-quality resources 
that promote energy literacy, there is still future work to be done.  First, it is important that there is 
further evaluation of the resources available online to determine which activities can be tied to both 
educational and energy literacy research, and which activities are of poorer quality.  In line with this, 
there were many resources that were dated, demonstrating that continuous updates must be made to 
materials as new information, statistics, and data becomes available.  This will be particularly important 
as society begins shifting more and more towards low-carbon energy sources.  In addition, I was not able 
to find any lessons online that specifically dealt with the differences between energy conservation and 
energy efficiency, and which behaviors were most effective at reducing carbon dioxide emissions.  As 
discussed in the literature review, these are huge misconceptions and these topics must be addressed to 
correct these misconceptions (Dorji et al., 2015; Attari et al., 2010; Taber & Taylor, 2009; Gardner & 
Stern, 2008).  In doing so, students will be better able to contribute to the “behavioral wedge” for 
reducing global greenhouse gas emissions (Dietz et al., 2009).  Furthermore, it is vitally important to 
establish studies to measure the effectiveness of these curriculums, and whether students do indeed 
become more energy literate after working through the curriculum.  Though there are many challenges 
to such long-term efficacy studies, it should absolutely be a goal of educational researchers to work 
towards a better understanding of how to make educational experiences more “sticky” and impactful.  
Finally, I think there is also value in a continued exploration of what it means to be energy literate, and 
what tools students need in order to become productive members of the energy conversation. 
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 In conclusion, this thesis has provided an overview of the literature about what energy literacy is 
and what it looks like in school curriculums, an introduction to common misconceptions about energy 
behaviors and use, a two-unit curriculum guide of the best learning activities that seek to address these 
misconceptions, an analysis of the curriculum guide that ties the activities to educational theory and 
energy literacy research, and a discussion of some of the methods and barriers for getting these 
activities into the hands of teachers to be taught in classrooms around the country.  Through this effort, 
it has been clear that there is a strong need for exceptional energy education in high schools, and that 
these high-quality educational resources exist.  The next step is to ensure that these research-based 
curriculums are the ones that teachers adopt and use in their classrooms to foster a more energy 
literate generation.  By creating this body of work, my goal was to showcase existing resources that 
specifically address individual energy behaviors and their connection to the larger system of energy use 
that teachers can bring into their classrooms.  These activities have been compiled in a cohesive 
curriculum that can fit into a high school environmental science class; or can be used individually to 
bring energy literacy into biology, chemistry, physics, economics, civics, English, art, engineering, or 
speech classes.  As global climate change continues threaten society, and decarbonization becomes a 
reality for all nations, an interdisciplinary push for an energy literate public will continue to be an 
important challenge for educators.  The curriculum guide provided offers one way for educators to 
address these issues with sound curricular activities.        
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